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Bronze surfaces exposed to an outdoor environment face many conservation 
challenges.  Dramatically varying conditions of temperature, moisture and pollution 
typically result in material loss (as pitting and dissolution) and chemical alteration, 
accompanied by color change.  Without intervention, bronze left to weather outdoors will 
continue to deteriorate until little remains of the physical substance and appearance of 
the original patinated surface.  However, the processes of decay can be slowed 
significantly through the use of coatings.  While waxes and lacquers have long been 
available to conservators, these coatings typically require annual maintenance to retain 
a high level of performance.  With the development of a number of new treatment 
systems, there seems to be the potential to combine improved protection with enhanced 
coating durability, considerably extending the time between conservation interventions. 
Several innovative coatings were evaluated, in comparison to current practices. This 
research has involved the preparation of coated coupons for testing with the use of 
QUV accelerated weathering.  A number of ASTM standard test methods were used to 













Bronze sculpture has long 
played a significant role in shaping 
our urban landscapes.  The material 
has become a vital part of art history, 
architecture, and our everyday 
experience.  Bronze has acquired a 
quality of timelessness, as it is 
associated with the artworks of Greek and Roman antiquity (Figure 1.1).1  As bronze 
sculpture often holds so much meaning to communities, protection against deterioration 
is an important field of study for conservators and preservationists.  Despite the critical 
significance of their conservation, outdoor bronzes often are left with no plan for regular 
maintenance and are instead allowed to weather environmentally.2  
As upkeep is expensive, and funding often limited, bronzes left outdoors begin to 
corrode, especially so in the more acidic air conditions of a now-industrialized urban 
environment.  This has led to a widely accepted attitude that outdoor bronzes are meant 
to age, and that their corroded surfaces are a positive indication of time passing.  While 
there may be some visual interest to a surface condition that is green, streaked, and 
spotted, corrosion is typically accepted by those who do not understand the 
consequences of it.  A bronze that is left outdoors without care will continually degrade 
                                               
1 Traditionally bronze is used to describe an alloy with a composition of Copper and Tin.  However, the 
term bronze is often abused by similar alloys such as “architectural bronze” or “statuary bronze” which do 
not have the same alloy composition as a true bronze. 
2 Lynn Beth. Brostoff, Coating Strategies for the Protection of Outdoor Bronze Art and Ornamentation, 
Master's thesis, 2003, 1. 
Figure 1.1: Bronze Equestrian of Marcus Aurelius in Rome, Italy. 
 
Figure 1.2: John Quincy Adams Ward, The 7th Regiment, 
Bronze, Central Park New York, New York (1874). 
 
Figure 2.1: Bronze Equestrian of Marcus Aurelius in Rome, Italy. 
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through loss of material.3  This is where the use of a 
protective coating is necessary to prevent exposure 
of the surface of the metal to the environment and 
thus slow material loss through the prevention of 
corrosion. 
During the Summer of 2017, the author was 
working for Central Park Conservancy as an intern in 
their monument conservation program.4  This 
program emphasized training in a variety of methods 
for the evaluation, documentation, and conservation of monuments throughout the park.  
While annual maintenance and routine re-waxing of the monuments encompass most of 
work for bronze conservation in the park, a larger scale project was undertaken with the 
7th Regiment Memorial, as the current condition of the monument necessitated a more 
complicated program of conservation (Figure 1.2).   
                                               
3 Brostoff, Coating Strategies for the Protection of Outdoor Bronze Art and Ornamentation, 1. 
4 Central Park is in the heart of New York City spanning 51 blocks through the center of Manhattan. 
Originally established in 1857 it was designed by architects Frederick law Olmsted and Calvert Vaux as a 
large park space for the growing population of the city. The park is an example of forward thinking in 
planning as the city continued to grow throughout the 19th century and residents required open green 
spaces for recreation. Construction within the park continued throughout the American Civil War as it was 
expanded further north reaching its current size in 1873. The park was designated a National Historic 
Landmark in 1962 and is maintained by the City of New York Department of Parks and Recreation. 
However, by the late 20th century the park had started to enter a state of decline, with many areas falling 
into decay. A more centralized organization was necessary for the park’s maintenance and in 1980 the 
Central Park Conservancy (CPC) was founded to oversee the grounds and monuments of Central Park. 
Figure 1.2: Figure 1.3: Pitting on the 
shoulder of the 7th Regiment Memorial 
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The memorial is a figural sculpture depicting a common Union soldier serving in 
New York’s 7th regiment during the American Civil War.5  Commissioned by the 7th 
Regiment Monument Association in 1867, the memorial is by the prominent American 
sculptor John Quincy Adams Ward, who had previously designed other works erected in 
the park.6  It was unveiled along West Drive at 69th street in 1874.  This bronze 
monument, mounted upon a base of Quincy granite, was identified for conservation due 
to progressive weathering and 
environmental deterioration (Figure 
1.3).  The existing coating had failed 
in many areas to the point that annual 
retouching was no longer a viable 
option for the protection of the 
monument.  With the presence of 
numerous unknown layers of 
coatings, making preservation efforts more difficult, it was decided that the best 
approach would be a tabula rasa, with the removal of all existing coatings to the metal 
substrate, to start conservation anew with a fresh, and well documented coating system. 
                                               
5 While the figure as represented is meant to memorialize all the men that served for New York’s 7th 
Regiment the soldier in the monument was modeled by Steele MacKaye an American playwright and 
former major within the regiment who posed for the sculptor in full uniform.  
6 Central Park Conservancy, "7th Regiment Memorial," The Official Website of Central Park NYC, , 
accessed April 20, 2018, http://www.centralparknyc.org/things-to-see-and-do/attractions/7th-regiment-
memorial.html. 
Figure 1.3: Pitting on the shoulder of the 7th Regiment Memorial 
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In previous years, Central Park 
conservators had tried a novel coating system on 
the bronze bust of Mazzini, which is located just 
200 yards to the South of the 7th Regiment 
Memorial, that is along West Drive at 67th St 
(Figure 1.4).  The bust is mounted atop a granite 
base standing 14’ tall with a surface finish that is 
golden bronze in color.   
The scope of that 2011 project included 
chemical removal of all previous coatings so that 
a new system could be applied the surface.  The 
new coating system chosen was an outdoor lacquer/urethane in which the lacquer 
would act as a tie coat allowing for better adhesion of the urethane top coat.  With over 
50 bronze monuments within the jurisdiction of Central Park conservators, the two-man 
crew has an interest in optimizing their allocation of time and resources through the 
phasing in of newer coating systems that require less annual maintenance while 
providing a higher level of protection.  With the implementation of coating systems, that 
can last several years or more without intervention, fewer resources and workhours 
would need to be allocated to the bronze monuments of Central Park.  
Figure 1.4: Giovanni Turini, Bust of Giuseppe 




The urethane system used for the Mazzini has shown little sign of degradation 
over the past seven years.  The product chosen for the recoating of the 7th Regiment 
Memorial was this time a fluoropolymer, one that had never been previously used in 
Central Park, nor elsewhere in the realm of outdoor bronze conservation.7  This coating 
has been successful, however, as an architectural finish.  For example, it has been 
used on the oxidized copper panels of Google’s binocular building in Venice, California, 
where (according to the 
distributor) it has demonstrated 
itself to be successful and long 
lasting (Figure 1.5).8  While the 
urethane system has proven to 
be effective on the Mazzini, it is 
said to have an expected 
lifespan of three to ten years.  The fluoropolymer, on the other hand, should have a 
lifespan of ten years or more, while also providing a durable, non-stick surface.  These 
newer coatings do not require a sacrificial top layer of wax, eliminating an annual task of 
upkeep.  Any accumulation of soiling on the surface can be easily washed away by rain, 
or by cleaning via low pressure water.  The manufacturer’s recommendation for the 
fluoropolymer was a full removal of old coatings and waxes, which consistent with the 
conservancy’s decision to do so. 
There is hope that both these newer coating systems will outlast and outperform 
                                               
7 "Nikolas Proforma and Data Sheets," e-mail to Jake Koch. 
8 Ibid. 
Figure 1.5: Google Binocular Building, Oxidized Copper, Venice, 
California. 
 




older and more standard methods of bronze treatment, which often require the use of 
waxes.  With little current research, and few case studies available, there is a need for 
study into the effectiveness and durability of these novel coating systems.  This thesis 
project began in response to the conservation work being done in Central Park.  It aims 
to provide additional information on bronze coatings as well as to provide a better 
understanding for conservators on how these coating systems compare to each other 














2. Bronze  
2.1 Corrosion vs Patina 
With outdoor bronze, deterioration is often allowed to continually progress, as 
there is a common misconception with the material regarding the differences between 
corrosion and patina.  With this confusion there comes an importance for clarification on 
the distinction between the products of corrosion, and that of a desirable patina.9  
Harmful corrosion is often accepted, as the consequences of an untreated surface are 
often not immediately clear, and because of the way, that many individuals perceive 
how a bronze should look.  The truth however is that outdoor sculpture is exposed to a 
host of environmental threats through the environment which catalyze the effects of 
corrosion as moisture, heat, air, and ultraviolet light cause irrevocable loss to the 
surface of the bronze and the coatings used to protect it.10   
Corrosion can be described as an attempt of the metal to revert to a mineral form 
that is more stable in ambient conditions.11  The products of this conversion are 
generally unwanted in metals as the results of corrosion is a change in appearance and 
loss of material from the surface.  In many other cases, this formation of deleterious 
layers is undesirable, such as with ferrous objects where the formation of rust can 
indicate damage or with sliver a black tarnish, or on tin and lead, where corrosion is a 
white crust.  However, unlike these other metals, bronze surfaces are often enhanced 
                                               
9 Gordon Bierwagen, Tara J. Shedlosky, and Kimberly Stanek, "Developing and Testing a New 
Generation of Protective Coatings for Outdoor Bronze Sculpture," Progress in Organic Coatings 48, no. 2-
4 (2003): 1. 
10 Ibid. 
11 Gettens, R.J. “Patina: Nobel and Vile.” Doeringer, Mittens and Steinberg (1970), 57. 
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through the formation of mineral layers which may protect and can provide a certain 
aesthetic though their appearance.  A thin and uniform crust upon the surface of a 
bronze can provide many distinctive colors ranging from golden reds, greenish blues, 
browns, blacks, and many more shades possible in-between.  These desirable deposits 
can be described as a patina and their appearance can vary depending on artist intent, 
environmental conditions, as well as the age of the object.  A patina is more than just 
tarnish, it denotes not a specific color but rather a surface layer that is stable, 
continuous, of measurable thickness, and may also provide some protective value to 
the bronze.12  This contrasts with corrosion which is inherently unstable and will cause 
material loss and reduction in the legibility of the surface through pitting and undesirable 
change of color on the object.   
To many, this distinction between patina and corrosion is not fully clear, as it is 
possible that one person’s patina is another's corrosion.  This is due to the formation of 
cultural and personal biases based on how a bronze should look.  These biases 
however should not reflect the ideals of similar, yet 
unrelated fields, such as that of archeology (Figure 2.1).  
For example, with the case of archeological bronzes, the 
effects and accretions resulting from their weathering 
and burial can have immense value for the information 
they provide relating to the authenticity and age of the 
                                               
12 Andrew Oddy and David A. Scott, "Copper and Bronze in Art: Corrosion, Colorants, Conservation," 
Studies in Conservation 47, no. 4 (2002): 2. 
Figure 2.1: Bronze spear head, Iranian, 
1550 – 1200 BC. 
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object.13  While archeological bronzes may be valued for having heavily corroded 
surfaces, this ideal should not be immediately applied to the context of outdoor bronze 
sculpture, as alteration will interfere with the legibility of forms within the object. 
  Visual biases can be formed based on cultural norms, as people will value the 
surface condition they are most accustomed to.  This is generally true within European 
communities as bronze sculptures created in these traditions have been typically 
finished to have a lustrous brown gold color.  This is how these surfaces have been 
experienced throughout most of their history in 
Europe.14   America, however, is a fledgling to the 
process, having only been founded during the tail 
end of the great era and tradition of monumental 
bronze casting.15  As a result, bronze sculpture in 
America tends to favor a more weathered 
appearance as many Americans associate with 
appreciate the aesthetic of a green streaked 
surface (Figure 2.2).  This trend was especially 
popular during the Art Deco movement of the 
1930s and 1940s where a bright, opaque, matte 
green appearance of copper alloys became stylish.16  This modern swing in taste was 
adopted by many with artists, architects, and the public, all preferring this type of finish 
                                               
13 Phobe Weil, "The Conservation of Outdoor Bronze Sculpture: A Review of Modern Theory and 
Practice." AIC Preprints (1980), 130. 
14 Ibid. 
15 Ibid., 134. 
16 Ibid., 130. 
Figure 2.2: Vertical streaking on the back of an 
outdoor bronze sculpture 
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at the point of time.  This taste was further supported by the scientific community as 
green corrosion on copper and its alloys was described as “natural” and “protective” 
adding additional fuel to a fire of falsehoods which was already consuming the 
materiality of many outdoor bronzes. However, irony lies in the truth that what is 
commonly viewed as acceptable, is in fact not at all, as bronze exposed to an outdoor 
environment will lead to material loss of the surface.  With a more modern 
understanding of the distinction between corrosion and patina, better practices can 
begin to be adopted.  Not every green and blue encrustation of the surface is desirable 
when it comes to the preservation of the object.  To allow a bronze to weather 
unchecked is the same as to intentionally allow irreversible damage.  With this 
knowledge there comes a necessity for the individual to constantly consider the most 
modern theories and practices when conserving an outdoor bronze, as it is ultimately 
what is valued highest that directs the course of action.17 
2.2 Process of Corrosion 
 In bronze conservation it is those objects located in outdoor environments that 
are at the highest risk for developing corrosive layers of oxidation.  The primary 
component of these effects are environmental conditions such as water and moisture as 
well as that of atmospheric gases such as carbon dioxide (CO2), sulfur oxides (SOx), 
nitrogen oxides (NOx), and chlorides, all of which are found in higher levels within 
modern urban environments due to emissions from fossil fuels.18   However it is 
                                               
17 Weil, "The Conservation of Outdoor Bronze Sculpture,” 130. 
18 Gordon Bierwagen, Tara J. Shedlosky, and Kimberly Stanek, "Developing and testing a new generation 




important to note that it is sulfur dioxide which acts as the primary destructive agent for 
outdoor bronzes.  This gas is found in high levels in industrial environments. 
  Bronze corrosion first begins as the metal contacts these gaseous sulfur 
compounds in the air forming a thin layer.19  The presence of sulfates within that layer 
will lead to the formation of sulfuric acid on the surface, which in turn cause the further 
dissolution of metal (Figure 2.3).20  This reaction is propelled by a combination of 
chemical and electrochemical 
phenomena rather than by a single, 
straightforward chemical reaction.  For 
outdoor bronzes, the environment will 
dictate the amount and rate of corrosion 
as effects are catalyzed through 
exposure to the oxygen (O2), ozone 
(O3), and water (H2O).  Additional 
parameters that affect the rate existing 
corrosion are temperature, humidity, 
rain pH, existing corrosion products, 
passive films, and metal composition.21  
The corrosion that first forms can be 
described as multi layered, being 
                                               
19 Phoebe Dent Weil et al., "The Corrosive Deterioration of Outdoor Bronze Sculpture," Studies in 
Conservation 27, no. Sup1 (1982): 132. 
20 Bierwagen, Shedlosky, Stanek, "Developing and testing a new generation of protective coatings for 
outdoor bronze sculpture," 1. 
21 Ibid. 
Figure 2.3: Pitting on the surface of a bronze due to long term 
exposure and weathering 
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composed of the base bronze, a layer of 
reddish cuprite on top, followed by either a 
black sulfide or green sulfate.22  As the surface 
continues to age and corrode, a layer of green 
sulfate will form beneath the black areas, 
between the black upper crust and the lower 
cuprite layer (Figure 2.4).23  It is important to 
note that an irreversible change has occurred to 
the original surface and patina, as they are 
destroyed.24 This loss of material is needless to 
say a serious condition and will continue until 
the processes of corrosion can be halted.  
 The most damaging and exponentially destructive form of bronze corrosion is the 
result of chlorides which when exposed to a bronze surface will form cuprous chlorides 
such as atacamite, more commonly referred to as bronze disease.  This type of 
corrosion can cause pitting of the material as the base metal is transformed into 
compounds which then wash away from the surface.  This condition is referred to as a 
disease, as the effects can quickly multiply if this this cycle of deterioration is not 
                                               
22 Phoebe Dent Weil et al., "The Corrosive Deterioration of Outdoor Bronze Sculpture," Studies in 
Conservation 27, no. Sup1 (1982): 132. 
23 Ibid. 
24 Ibid. 
Figure 2.4: Cleaned bronze surface showing the 
multiple layers and colors that can occur 
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identified and treated.  The cycle begins with chlorides from the atmosphere (or from 
deicing salts) contacting the bronze 
(Figure 2.5).  When the copper chlorides 
react with water, hydrochloric acid (HCl) 
is created, with the equation CuCl2 + H2O 
= 2HCl + CuO.25  The resulting HCL 
reacts with adjacent metallic copper, 
forming more copper chlorides and allowing for this process to continually repeat.  
Given enough time, the reaction is aggressive enough that it can spread throughout the 
bronze until metal is reduced to a powdery pile of copper chlorides, and/or a distinctive 
formation of patches or pocks of light green accretions.26  The basic processes of 
bronze disease and causes for its formation has been well understood for over 100 
years, yet it still remains one of the primary concerns for conservators.  The most 
common product for the treatment and prevention of bronze disease is the corrosion 
inhibitor benzotriazole or (BTA). 
 These effects of corrosion need to be addressed to prevent the physical altering 
or the destroying the visual aesthetic of the piece.  Pitting and discoloration can also 
greatly reduce the legibility of a bronze object.  Protection of bronze from corrosion is 
very important when trying to conserve the material in an outdoor or otherwise hostile 
environment.  Research into new methods of treatment and protection is the only way to 
                                               
25 James F Cherry, “Bronze Disease an Introduction to the Phenomenon of Disappearing Copper.” 
Central States Archaeological Journal 31, no. 3 (1984): 121. 
26 David A. Scott, "Bronze Disease: A Review of Some Chemical Problems and the Role of Relative 
Humidity," Journal of the American Institute for Conservation 29, no. 2 (1990): 193. 
Figure 2.5: Bronze disease 
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prevent our sculptures from disappearing. 
2.3 History of Treatment 
 In ancient Greece, and in many cases 
continuing up into the Middle Ages, it was 
common practice to provide regular 
maintenance for outdoor bronze statuary, as 
these were often public, monumental, and 
commemorative pieces of importance to a 
community.27  The maintaining a polished and 
lustrous surface to the bronze was the primary 
aesthetic from antiquity up until World War I, 
with some such as the artworks of the Roman Empire where by pigmentation color was 
desired.  This was usually a dark brown or black with the effect being achieved through 
application of colored wax layers and oils. (Figure 2.6).28   By the 1850’s concerns were 
already beginning to be expressed on the visual changes that were occurring to bronzes 
cities as industrial pollution began to change the surface of bronzes.  A shift was 
perceived by many, as the public bronze monuments began to alter from a “warm gloss” 
to an “opaque black” as a crust formed upon the surface.29  These changes were seen 
as undesirable and unattractive, resulting in a period of research when scientists and 
conservators began to focus on the topic of outdoor bronze statuary, metal corrosion 
                                               
27 Weil, "The Conservation of Outdoor Bronze Sculpture,” 131. 
28 Weil, "The Conservation of Outdoor Bronze Sculpture,” 131. 
29 Ibid. 
Figure 2.6: Brown finish on the Indian Hunter by 
J.Q.A Ward in Central park, 1869 
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products, cleaning, patination, and protection.30  
One particular German conservator, by the name of Mangus, writes on the period 
of 1860-1880, noting that the desired qualities of a true and natural patina can be 
described as dark brown tinged with green, translucent enough to allow the reflective 
qualities of the metal beneath to be apparent, and glossy.31  This desired aesthetic goal 
was not met by the bronzes which in polluted and sulfurous environments were turning 
a matte black.  Mangus, wishing to prevent these changes, noticed that statues low to 
the ground were often touched by the hands of the public.32  These surfaces retained 
their luster and held a translucent brown color due to what he hypothesized was from 
the oils in the hands of those touching the bronze.  Carrying out some experiments, 
Magnus discovered that rubbing the surface with bone oil produced the desired finish, in 
contrast to previous methods periodic washing, which did not.  Since then, researchers 
and conservators have been continually experimenting to develop new products and 
coating systems for the conservation of bronze that can offer increasing levels of long-
term protection.  The first major efforts for the care of outdoor bronzes in America took 
place in the 1930’s, as WPA programs provided regular treatments for many collections, 
including surface applications of wax and oil up to four times a year.33  
With the development of these new techniques, the application of chemicals and 
coatings has emerged as the primary defense against corrosion by preventing the 
access of water and other corrosive agents to surface of the metal.  Rubbing oils and 
                                               
30 Weil, "The Conservation of Outdoor Bronze Sculpture,” 132. 
31 Ibid. 
32 Ibid. 
33 Ibid., 135. 
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waxes, when used in combination with other coating products, have commonly been 
used as top coats, with these acting as a sacrificial layer on top of a more durable 
undercoat, such as a lacquer or varnish.  The most common system today for bronze 
protection is a combination of Incralac and wax.  Incralac is based on Paraloid resin B-
44, a ethyl methacrylate/methyl methacrylate copolymer.  It also contains a leveling 
agent, epoxidized soybean oil, an ultraviolet stabilizer, toluene, ethanol and the 
corrosion inhibitor benzotriazole (BTA).34  This coating, when used in conjunction with 
wax as a top coat, has proven to be a better coating system than simply the wax 
alone.35  An Incralac + Wax system can have an expected lifespan of three to five 
years, assuming the sacrificial wax layer is routinely maintained and retouched as 
needed.  As the Incralac system ages it will start to discolor and blister, peeling away 
from the surface (Figure 2.7).  At the end of the treatments lifespan (and before 
subsequent treatments can be 
applied), efforts must be made to 
remove the entire coating system to 
allow for the best adhesion and 
application of the new system to 
base metal.  However, with the use 
of tenacious coatings such as 
Incralac, removal is not easy without 
damage.  It is often best done with 
                                               
34 Bierwagen, "Developing and testing a new generation of protective coatings for outdoor bronze 
sculpture,” 290. 
35 Ibid. 




the use of strong chemical strippers as 
well as through mechanical methods.  
As coating products have evolved 
so have the methods of their removal, as 
conservators search for quicker ways to 
strip the coating that are both safe for the 
object and technician (Figure 2.8).  
Historically, wire brushes have been used 
as the primary tool for coating removal, 
with pressure-blasted media such as 
sand, walnut shells, glass beads, and dry 
ice becoming available as time and 
technology progressed.  Today abrasive 
methods are seldom used for the difficulty 
in their application and containment, as 
well as fear of damage to the underlying 
bronze surface.  However, with proper 
handling and technician training, media 
blasting for coating removal is often the 
fastest and safest method for the 
conservator (Figure 2.9).  Many coatings are removable with the use of aggressive 
solvents, such as toluene or xylene dissolve or soften the coating, allowing for easier 
removal.  While the use of these solvents is effective and does not harm the bronze, the 
Figure 2.8: Chemical and wire brush coating removal 
Figure 2.9: Dry ice blasting of the 7th Regiment Memorial 
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exposure of the conservator is best kept to a minimum as they can cause lasting health 
and reproductive harm.  With the full removal of old coatings being an important step of 
adhesion for the new one, removal methods are a primary concern for conservators, 
and any decision they make must also be reversible according to the AIC code of 
ethics36 This poses a difficulty for the conservators, as a durable coating is desired both 
for its level of protection and reduced cost in annual maintenance.  However, this 
coating should not be so tenacious to be difficult or impossible to remove by readily 
available and safe methods. 
 The products, techniques, and equipment used for bronze treatment has evolved 
and grown to include the use of new coating systems and removal methods such as dry 
ice.  With public opinion towards bronze aesthetic being so varied in different countries 
and local regions it is often not easy to ascertain what the best conservation treatment 
should be and how the finished aesthetic can be presented.  This is where the role of 
conservators and the choices they make have the greatest impact on the legibility of a 
bronze object.  Materiality, reversibility, history, artist intent, and visual aesthetic are all 
key factors that a conservator must balance when carrying out a conservation treatment 
to an object.  With many options for coatings and cleaning available to conservators 
today, it becomes ever more important for the most suitable treatments be chosen.  
Research into new materials and methods for removal and application of coatings for 
outdoor bronze sculpture is s. 
 
                                               





A comparative testing scheme for coating products was developed, based on 
standard methods.  The study was done on coatings applied to silicon bronze coupons. 
Characterization and comparison of these samples was done using film thickness 
measurements, gloss meter readings, QUV accelerated weathering, scribe tests, and 
tape adhesion tests.  The overall change from weathering was simulated with studies 
done before and after QUV exposure. This was to allow for a comparison to be made 
between coating systems and how they are likely to respond over time when subjected 
to corrosive environments. 
 
Sample Acquisition  
⅛’’ rolled silicon bronze sheet was purchased from Atlas Metals (Denver, 
Colorado).  40 test coupons were pre-sheared to a size of 3’’ x 6’’.   According to the 
distributor, the alloy composition of the silicon bronze is as follows: Cu (95%), Si (3%), 
Mn (.910%), Zn (.19%), Fe (.045%), Ni (.033%), Pb (.003%). 
Silicon bronze is not an alloy composition seen in cast bronze outdoor sculpture, 
but it was chosen as the sample material due to its availability and comparatively 
inexpensive price.  While samples of cast bronze would have been an ideal substrate 
for this research, the cost of acquiring the material would have exceeded the budget of 
the thesis.   
Previous studies on bronze coatings were conducted by both Gordon Bierwagen 
and Lynn Brostoff, both of whom have outlined cast bronze as the most suitable test 
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surface.  Brostoff states that the ideal alloy substrate material for this type of research 
would be cast samples with a composition of Cu (85%), Pb (5%), Sn (5%), Zn (5%).37  
This alloy is representative of a common 19th century castings and is a “good general 
example of bronze as encountered in monuments found in North America”.38  Brostoff 
also outlines in her notes that cast material will have a higher level of stress and 
microstructure characteristics that would not be found in rolled materials.39   
Imperfections and the high level of porosity noted in castings are representative 
of monuments found in the field; these characteristics are also, according to Brostoff, 
more difficult to work with for research purposes, due to the great variance between 
samples.  Because of this, a rolled or polished surface is recommended by Brostoff as it 
will allow for an even base from which to visually and instrumentally judge both 
appearance and performance.  A flat non-dimensional surface will allow for more even 
application of coatings during surface preparation, as well as more accurate readings 
from film thickness and gloss measurement instruments.  However, the smooth and 
non-porous nature of highly polished and rolled samples presents a difficulty in being 
the least forgiving in terms of coating application and performance, as adhesion can be 
difficult.  
                                               





Film Thickness Measurements 
Film thickness readings were taken using a 
PosiTest DTF coating thickness gauge produced by 
DeFelsko Instruments (Ogdensburg, New York) (Figure 
3.1). This instrument allows for the thickness of an 
applied coating to be non-destructively measured, in 
mils, (1/1000th of an inch) to an accuracy of a mil.  The handheld device is used by 
holding the meter to the surface of a coated sample until a digital measurement is given.  
Calibration is required before an accurate measurement can be taken; this is done by 
depressing the probe on an uncoated surface of a similar alloy.  As the alloy used for 
this research is non-ferrous, film thickness is determined using eddy current 
measurement by creating a high-frequency alternating current at the probe.  As the 
probe is brought near a conductive surface the alternating magnetic field of the eddy 
current is used to determine the distance of the probe from the bronze substrate, 
resulting in a film thickness reading. 
 Determining film thickness is important, as coating application should be as 
consistent as possible This information can also show how a coating may have thinned 




Figure 3.1: PosiTest DTF Film Gauge 
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Gloss Meter Readings: ASTM D523 - 14 
 Gloss meter readings were taken using a 
BYK Gardner Micro Tri Gloss Meter (Columbia, 
Maryland) (Figure 3.2).  This tool measures the 
specular reflectance of light (or gloss) from the 
surface of a sample, by providing a reading in gloss 
units.40  As all coatings reflect and absorb light in 
different ways dependent on their composition and thickness, this measurement can be 
an important tool in determining how samples have weathered.   
 The meter is calibrated using an integrated gloss standard within the storage 
sleeve of the instrument.  Gloss units of given samples are then measured to the 
defined gloss standard. Light from the instrument can be directed in three different 
geometries, 20°, 60° or 85°.41  For the testing of the bronze coupons light was set to 




                                               
40 Gloss units are used to quantitatively measure gloss.  Gloss units are accessed on a sliding scale with 
brighter and more shiny surfaces scoring a higher number.  Low or negative gloss readings indicate a 
more matte surface appearance. 
41 The light geometries indicate the degree at which the instrument shines a light source 




QUV Accelerated Weathering: ASTM D4587 - 11 
 A QUV accelerated weathering 
cabinet was used for the artificial 
weathering of 29 samples (Figure 3.3).  
Use of the machine was made available 
for use by the National Center for 
Preservation Training and Technology 
(NCPTT) located in Natchitoches, 
Louisiana.  The QUV is used to quickly 
weather objects artificially through the relatively extreme environments created inside 
the cabinet. 12-hour cycles of hot, cold, condensation, and UV exposure are created by 
the machine, simulating many of the effects of environmental weathering.   
 Though use of the QUV weathering cabinet samples should be able to 
deteriorate much more rapidly than in real-time outdoor exposure. By subjecting the 
coated bronze coupons to the extreme conditions and temperatures present inside the 
cabinet, individual coating performance can be studied with data collected before and 





Figure 3.3: QUV Accelerated weathering cabinet with 
mounted bronze samples 
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Standard Test Method for Evaluation of Painted or Coated Specimens Subject to 
Corrosive Environments: ASTM D1654 - 08 
This test method covers the evaluation of coated specimens after accelerated 
and atmospheric exposure through several methods.  This ASTM document procedures 
for assessing corrosion, blistering, peeling, and creepage in coated materials after they 
have weathered.  Though this ASTM test method outlines several test procedures for 
the evaluation of the coatings, only a single test was applicable for this research.  
The method used was that of a scribe test, where linear physical damage in done 
to a coating to determine how it might affect performance, adhesion, and coating 
durability during weathering.  For selected samples a two-inch-long scribe mark was 
made partially across the coated sample with a razor blade and straight edge prior to 
weathering.  This cut was made in multiple passes to ensure that the scribe mark 
reached the bronze substrate.  All coatings were allowed to fully dry before the scribe 
marks were created.  Through simulating a break or damage to a coatings integrity, the 
scribe test can allow for information to be gained on how the sample will corrode when 







Tape Test: ASTM D3359 - 17 
 Tape tests are used to determine 
adhesion strength of a coating to the 
underlying substrate.  In coatings that are 
more than one layer thick (as in a multi-
layer systems), this test may only evaluate 
the adhesion of the top layer to that of the 
underling coating, depending on the 
observed mode of failure.   
 Tape tests followed the procedures 
of method B as outlined in ASTM D3359.  
This method states that a crosshatch of cuts 
is to be made through the film with a razor 
blade or similar sharp-edged tool. The cuts 
must pass through the coating and expose the bronze substrate beneath.  Pressure 
sensitive tape measuring 1” wide is placed across the surface of the cross hatch. The 
tape is then peeled away at a 180° angle, with an effort to keep positioning and speed 
consistent through all the tests.  Film adhesion is assessed depending on the 
appropriate percentage of coating pulled away from the crosshatch grid system, as 
illustrated in the ASTM document (Figure 3.4).  The loss then correlates to an adhesion 
rating of the film which ranges from 0B-5B. 
 
Figure 3.4: Tape test adhesion rating scale 
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4. Preparation and Testing 
4.1 Coupon Preparation and Cleaning 
 All samples were labeled using a pneumatic inscribing tool.  Each bronze coupon 
received a unique incised ID which indicates the type of coating system by letter and 
number within the group. The coatings applied, and other identifying characteristics of 
each sample are listed in (Table 4.1.1). 
Sample ID Surface Scribe Test Coating System Sample ID Surface Scribe Test Coating System
A1 Polished Hot Wax B1 Polished Incralac + Cold Wax
A2 Polished Hot Wax B2 Polished Incralac + Cold Wax
A3 Polished X Hot Wax B3 Polished X Incralac + Cold Wax
A4 Patina Hot Wax B4 Patina Incralac + Cold Wax
A5 Patina Hot Wax B5 Patina Incralac + Cold Wax
A6 Patina X Hot Wax B6 Patina X Incralac + Cold Wax
Sample ID Surface Scribe Test Coating System Sample ID Surface Scribe Test Coating System
C1 Polished RFU Lacquer D1 Polished RFU Lacquer + Fluropolymer
C3 Polished X RFU Lacquer D2 Polished RFU Lacquer + Fluropolymer
C5 Patina RFU Lacquer D3 Polished X RFU Lacquer + Fluropolymer
C6 Patina X RFU Lacquer D4 Patina RFU Lacquer + Fluropolymer
D5 Patina RFU Lacquer + Fluropolymer
D6 Patina X RFU Lacquer + Fluropolymer
Sample ID Surface Scribe Test Coating System Sample ID Surface Scribe Test Coating System
C2 Polished RFU Lacquer + Urethane Con 1 Polished None
C4 Patina RFU Lacquer + Urethane Con2 Polished None
C7 Polished X RFU Lacquer + Urethane Con 3 Polished X None
C8 Patina X RFU Lacquer + Urethane
Group C: RFU + Urethane Lacquer
Group D: RFU Lacquer + Fluropolymer
Group A: Hot Wax
Group C: RFU Lacquer
Control Group: No coating
Group B: Incralac + Cold Wax





 To ensure the optimum adhesion of all coatings to the bronze substrate, careful 
cleaning and degreasing of the surface was done in several steps.  Each sample was 
first wiped with acetone using a soft cloth. This solvent was primarily used to remove 
writing in Sharpie from the surface of many of the bronze coupons, as received from the 
distributor.  After removing all markings and further wiping every sample with acetone all 
coupons were all washed under warm water.  After washing each sample was towel 
dried. 
 Next a degreasing of all surfaces was done using a proprietary metal cleaner and 
degreaser from Sculpt Nouveau.  This product is reputed to be a mixture of phosphoric 
acid, sodium silicate, tetrapotassium pyrophosphate, sodium glucconate, and potassium 
pyrophosphate.  The degreasing solution was spray applied to the surface and worked 
with a clean cloth.  After each sample was degreased it was washed again with warm 
water to remove any residual materials and towel dried with a soft cloth. 
4.2 Patination 
 Select samples were chosen to be patinaed with Antique Brown Gel 750051 
produced by BirchWood Technologies in Eden Prairie, Minnesota.  This was done to 
test if a patination layer on the surface would add any additional protection to the 
bronze, or if that patina layer might instead adversely affect adhesion of the coating 
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systems.  Half the samples in each groups A 
through D were patinated for a total of 
thirteen samples.  A dark brown color was 
chosen as this represents a common finish at 
least visually for many outdoor bronzes. 
 The chemical browning gel was brush 
applied to the surface of the samples.  A 
liberal amount of gel was worked into the 
bronze and left to sit for fifteen minutes to 
allow a full and even patination layer to build 
on the surface (Figure 4.2.1).  After this time 
had passed, samples were once again 
washed with warm water to remove the gel 
product and were dried with a cloth. 
 After application of both the patina 
and applied coatings it was noted that a 
blistering and peeling of this oxidation layer 
was occurring on some samples (Figure 
4.2.2).  The blistering is likely to be a result 
of the rolling and polishing used to create the large sheets.  The smooth surface, 
without texture gives the applied patina little to adhere to. 
 
 
Figure 4.2.1:  Browning gel application 




4.3 Coating Information & Application 
 Coating application was done using a brush or a high-volume low-pressure spray 
system (HVLP).  With the waxes in both groups A and B, this was applied with a soft 
natural bristled brush.  After the wax coating has been allowed to set it is then buffed 
with a microfiber cloth an even gloss.  Liquid coatings, applied with HVLP spray gun, 
were atomized into a fine mist which is deposited on the surface.  These fine droplets 
disperse across the substrate, resulting in a controlled and even film formation of the 
coatings on the surface.   
 Of the four coating test groups A, B, C, and D six coating products are 
represented and tested together for a total of five unique coating systems in this 
research.  These coating systems are meant to represent the current availability of 
products used for the protection of outdoor bronzes.  Older systems such as waxes and 
Incralac, being compared to much newer options available such as urethanes and 
fluoropolymers. 
 
Group A: Hot Wax 
 Group A was prepared by hot application of microcrystalline wax.42 Waxes 
applied to bronze protect the surface from corrosion as they act as a barrier between 
the metal and the environment.  However, waxes are a sacrificial barrier meaning they 
will themselves deteriorate until they no longer provide any protection.  While wax 
                                               
42 The formulation of wax used for this research is as follows: 71% Victory White 
microcrystalline wax, 13% polywax 2000, 13% petronauba, and 3% cosmolloid 80-H 
microcrystalline wax.  Waxes applied in monument conservation can vary widely 
between conservators and institutions.  This mixture is same as that used by 
conservators in Central Park and represents a typical formula for outdoor monument 
conservation throughout the United States. 
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coatings have long been used for bronze protection and are proven to slow the effects 
of the environment annual maintenance is required if the coating is to provide a 
consistent level of protection.  
 The surface of the Group A coupons was 
heated with a propane torch to roughly 140° degrees 
to allow the wax to melt and conform evenly to the 
surface of the bronze (Figure 4.3.1).  After heating, 
the wax is applied and worked into the surface with a 
brush until a consistent layer covers the whole 
surface (Figure 4.3.2).  The heated and coated 
samples are then left to cool to ambient temperature, 
allowing the wax to harden into a clear film on the 
surface.  After cooling, the wax is then gently buffed 
with a soft cloth to bring the surface to an even 
gloss. 
 
Group B: Incralac and Wax 
 Group B coupons were given a coating of 
Incralac, an acrylic resin produced by Talas in Brooklynn, New York.  Incralac was 
applied first then followed by a top coat of sacrificial microcrystalline wax.  This coating 
system is commonly used for the protection of outdoor bronzes and represents a 
standard approach to copper alloy conservation throughout the U.S.  Incralac was first 
discussed in a report in 1966 by Dr. Charles Whitman to members of the International 
Figure 4.3.1: Bronze sample heating 




Copper Research Association (ICRA), following a six-year study that evaluated coatings 
for the protection of copper metals and their alloys.43  Incralac proved to be the best 
preforming coating tested in this research, providing protection through a combination of 
the acrylic resin B-44 and the corrosion inhibitor benzotriazole (BTA).   
 Incralac was for this research and spray applied according to the manufacturers 
recommendations.  A single coat was placed in a double wet application.44  The spray 
gun was held a foot away from the surface and applied in a consistent speed across all 
samples until a double-wet coat of Incralac had been applied.  After this was allowed to 
dry for 24 hours, the samples were flipped and coated with the same application of 
Incralac to the back of the coupons.  The edges of the samples were roughed with a 
scouring pad to provide a better surface area for the integration of this next application 
to the reverse.  This roughing of the sides and back was done to ensure a full envelope 
of coating around the sample.  Delamination of the film starting at the edges was a 
concern if the coating had been only applied to one side. 
 After another 24-hour period of drying, the coupons were ready for the sacrificial 
wax layer to be applied.  This wax application was done cold, that at room temperature, 
as the heat would destroy the Incralac coating.  The formulation is alto that of Central 
park conservators and is similar to that of the hot wax being comprised of: 70% victory 
white microcrystalline wax, 13% polywax 2000, and 17% Carnauba wax.  After a fifteen-
                                               
43 Julie Wolfe and Rosie Grayburn, "A Review of the Development and Testing of Incralac Lacquer," 
Journal of the American Institute for Conservation 56, no. 3-4 (2017): 225. 
44 A double wet coat application is the process of spraying twice over the surface to create a single film 
layer before the first spray application can dry.  This is done through an immediate application of the 2nd 
coat after the 1st layer has dried to a non-tack.  This second application is sprayed at a 90° angle to the 
first coat to ensure a consistent layer of coating across the surface of the sample.   
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minute period the solvent within the wax had evaporated allowing the wax to harden 
before it was buffed to a light gloss with a cloth. 
 
Group C 
  Group C is divided into two distinct systems, the first is a stand-alone coating of 
an outdoor lacquer produced by G.J. Nikolas & Co (Bellwood, Illinois). The second 
system is the same lacquer, top coated with a urethane product also by the same 
manufacturer. The Nikolas lacquer is used as a tie coat for both the application of the 
urethane in group C and fluoropolymer in group D.45  As such it was important to include 
samples of the lacquer working alone in the testing program.  
 
Group C: RFU OD Lacquer46 
 The lacquer is applied with the use of 
the HPLV spray system to ensure a consistent 
and thin film of the product across the surface.  
The coating was applied to all samples within 
group C according to the manufactures 
recommendations.  This recommendation was 
an application of two layers, in multiple passes 
to ensure the surface was fully coated.  Six passes were made with the spray gun, each 
                                               
45 A tie coat acts as an intermediary layer between that of the substrate and topcoat.  For both the 
urethane and fluoropolymer products the lacquer tie coat is important as it allows for better adhesion of 
these two products to the surface of the metal. 
46 RFU stands for Ready for Use as this product can applied straight from the container without a need to 
mix in additional components or thinners. OD stands for outdoor, as this product was formulated for use 
in outdoor environments. 
Figure 4.3.3: Spray application of coatings 
35 
 
at 90° to the previous pass (Figure 4.3.3).  After the first application, a 30-minute dry 
time was allowed for the coating until the surface had no tack to it.  At this point the 
second coat was applied on top of the first in the same way with cross cutting of layers 
in six passes.  This same process was then repeated for the reverse of the sample after 
drying to ensure a full coating envelope of each sample. 
 
Group C: RFU Lacquer + Urethane 
 The second set of group C was finished with a topcoat of acrylic urethane also 
distributed by G.J. Nikolas & Co.  This product was applied in the same way as the 
underling lacquer coat via HPLV sprayer, with multiple cross-cut passes.  This process 
was done for both the back and front of the samples.  
 The urethane system used for this testing is similar to the coating used to protect 
the bust of Mazzini in 2011 as mentioned in Chapter 1.  The product used in this 2018 
research however, is of a newer generation and formulated to be less toxic than the 
earlier one as well as being California VOC compliant. 
 
Group D: RUF Lacquer + Fluoropolymer 
 Group D, like that of the urethane samples within Group C is a two-part system 
composed of the lacquer tie coat and a fluoropolymer topcoat.  The lacquer was applied 
at the same time and in the same manner as those samples within group C.  After a 
coating of both sides had been achieved, it was followed in Group D by a top coat of 
fluoropolymer, applied as recommended by G.J. Nikolas & Co. 
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 The application of the fluoropolymer was done in the same manner as the 
urethane, with multiple cross-cut passes.  This was done according to the specifications 
of the manufacturer.  Despite this, an undesired 
surface texture appeared during the drying of the 
drying of the samples.  The coating had taken on a 
surface texture that is visibly uneven in raking light.  
This effect is called orange peeling (Figure 4.3.4).  It 
may of been caused by too thick of an application. 
 
Control Group: Uncoated Control Samples 
 A set of three unpatinated and uncoated 
samples was also included in the study so as to see 
how all of the coated samples will compare to that of 
the unprotected bronze.  These three samples only underwent the cleaning and 









Figure 4.3.4: Orange peeling on the 
surface of Fluoropolymer samples 
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4.4 QUV Accelerated Weathering: ASTM D4587 
 As real-time outdoor weathering 
of the samples would not have been 
achievable during the timeframe of this 
research, a QUV weathering cabinet was 
used to accelerate the process through 
simulated environmental exposure.  The 
artificial weathering of the coated samples was 
done according the QUV settings outlined in 
ASTM D4587.   
 As the bronze coatings can be 
categorized under the context of a “general 
metal coatings”, the settings of the machine 
were made to use the exposure levels as outlined in cycle number four of the test 
(Figure 4.4.1).  Artificial weathering was done for a total of 500 hours comprised of 12 
hour repeating cycles.  A single 12-hour cycle included 8 hours of UV exposure followed 
by a 4-hour dark condensation period with temperatures inside the weathering cabinet 
varying between 122 and 140 degrees Fahrenheit, depending on the stage of the cycle.  
Samples within the chamber are coil mounted in racks which expose a single side of the 
sample to the conditions of the cabinet (Figure 4.4.2).  These racks positions within the 
QUV were moved on a weekly basis so as produce a consistent level of weathering 
across all sample groups. 
 
Figure 4.4.1: QUV cycle settings 
Figure 4.4.2: Samples mounted in QUV 
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4.5 Scribe Test: ASTM D1654 
 A scribe test was performed on two samples from each test group, one polished 
sample and one patinated sample.  For the control group a scribe test was done on a 
single coupon.   
 The score test is outlined in ASTM D1654, 
“Evaluation of Painted or Coated Specimens Subjected to 
Corrosive Environments”.47  The test is done by first making 
a 2’’ cut or scribe, through the coating, down to the 
substrate of the sample before artificial weathering within 
the QUV chamber (Figure 4.5.1).  A razor blade and straight 
edge were used to make the scribe mark.  Cuts were made 
using equal pressure and in three passes, to ensure that 
each scribe mark reached the bronze substrate. 
 After weathering, this scribe mark is then examined 
for signs of failure looking for corrosion creep as well as 
                                               
47 While ASTM D1654 does outline several test procedures for the visual evaluation of coatings only the 
scribe test was applicable for this research.  The other tests included procedures to account for blistering 
of the coating which was not a condition on any of the samples after weathering.  Additionally, the ASTM 
procedures also outlined tests for the measurement of rust on ferrous samples, which was also not 
applicable to this study of bronze. 
Figure 4.5.1:  2'' Scribe made on a 




delamination of coating at the point of the 
scribe.  The scribed samples showed no 
perceivable damage or sign of creep 
beneath the coating.  Even when tools 
were used to remove coating along the 
border of the scribe mark there was no 
evidence of accelerated deterioration in 
these areas beyond scribe mark (Figure 
4.5.2). 
 There was no sign of increased 
corrosion after 500 hours of artificial weathering at these scribe marks.  This may be 
attributed to several factors but is perhaps primarily due to the composition of the silicon 
bronze samples and their increased durability to weathering when compared to 










Figure 4.5.2: Bronze samples after coating removal 
showing no signs of corrosion near the scribe mark. 
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4.6 Film Thickness Readings 
All samples had three points of film 
thickness measured across the front of the 
sample (Figure 4.6.1).  These numbers 
were then averaged to report mean film 
thickness for the coating.  
Measurements were taken in two 
separate sessions, the first before QUV 
weathering and the second after 500 
hours of artificial weathering had passed.  It 
was anticipated that a comparison of these two separate sets of data, would indicate 
how the coating degraded during weathering, that is if any of the thickness had been 
lost during exposure. 
Table 4.6.1 presents the film thickness readings before and after weathering.48 
The numbers show no consistent trends.  As the film thickness gauge was only 
able to detect differences of around 1 mil there was no perceivable thinning of the 
coatings.  Additionally, because of the use of rolled bronze for the samples, it seemed 
that consistent film thickness was not achieved in many of the samples.  This is 
evidenced by the large differences in film thickness.  While this data was not useful for 
                                               
48 Coating group A: Hot Wax, is not represented within this test as this coating had no thickness 
detectable by the Posi-Test Film Gauge used. This is likely caused by the nature of the wax application 
through heat which allows for wax to penetrate further into the sample than a cold brush or spray 
application. 




determining the effects of weathering, obtaining an estimate film thickness did play an 
important role in the preparation of subsequent tape tests. 
42 
 


























































































































































































































































































































































































































































































































































































































































































































































































































































4.7 Gloss Unit Measurements 
 All samples had three points of data 
collected for gloss levels, on the front of 
each sample (Figure 4.7.1).  By taking 
multiple readings, an average gloss unit 
measurement can be obtained for each 
sample.  These measurements were taken 
in two separate sessions, the first pre 
QUV weathering and the second after 500 
hours of artificial weathering had passed.  
By comparing these two separate sets of data, information can be gathered on how the 
coating has changed during weathering indicating a possible decrease in the coatings 
performance (Table 4.7.1). 
 The results of this test were much more precise than that of the film thickness 
measurements and were able to give some information on how the coatings 
comparatively weathered.  The majority of the samples showed on average a decrease 
in gloss due to artificial weathering.  The two exceptions for this trend are the Incralac 
and Wax Group B, where gloss levels increased, as well as the Fluoropolymer Group D, 
where gloss levels remained more or less the same.  
 The decrease in gloss in most of the samples is a clear indication of degradation 
and change within the coating due to environmental exposure.  This decrease in gloss 
was the greatest in the Hot Wax Group A where samples on average were 52%-73% 
less glossy then when they went into the QUV chamber.  When compared to the % 
Figure 3.7.1: Gloss measurement test points 
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change in fluoropolymer Group D, a large difference can be seen.  Group D 
experienced on average very little change, with variations in gloss of only 1%-4%.  
These results, rather than an of indication of change in the coating, seem to represent 
inconsistences in the placement of the meter, as slight visual variations in gloss exist 
across the surface of the sample.     
 The increase in glossiness of the Incralac and wax group can be explained by 
the thinning of the sacrificial wax layer.  In an Incralac and wax system, the wax serves 
a dual function of both protective barrier and matting agent, as an Incralac coating on its 
own can be very glossy.  When the wax thins (or is removed entirely) upon QUV 















Sample ID Patina Scribe Top Middle Bottom Average Sample ID Top Middle Bottom Average Difference % Change
A1 65.5 72.3 54.1 64.0 A1 18.6 22.2 27.9 22.9 -41.1 -64.2%
A2 24.4 43.6 24.2 30.7 A2 6.2 17.2 20.5 14.6 -16.1 -52.4%
A3 X 73.0 84.9 42.8 66.9 A3 12.8 7.9 39.5 20.1 -46.8 -70.0%
A4 X 41.6 41.0 34.9 39.2 A4 13.1 12.6 6.0 10.6 -28.6 -73.0%
A5 X 41.6 33.6 17.9 31.0 A5 7.7 10.9 7.5 8.7 -22.3 -72.0%
A6 X X 47.2 48.7 45.0 47.0 A6 13.5 19.4 19.8 17.6 -29.4 -62.6%
B1 27.3 29.5 32.5 29.8 B1 40.5 34.9 32.3 35.9 +6.1 +20.6%
B2 30.5 33.6 41.2 35.1 B2 50.1 44.5 42.2 45.6 +10.5 +29.9%
B3 X 18.4 20.9 28.7 22.7 B3 35.3 31.6 24.6 30.5 +7.8 +34.6%
B4 X 25.6 25.4 26.5 25.8 B4 32.4 33.4 31.4 32.4 +6.6 +25.4%
B5 X 36.2 32.0 32.2 33.5 B5 36.6 31.7 35.6 34.6 +1.2 +3.5%
B6 X X 26.0 22.9 15.7 21.5 B6 23.1 31.5 29.8 28.1 +6.6 +30.7%
C1 93.2 104.0 104.0 100.4 C1 90.1 95.8 100.0 95.3 -5.1 -5.1%
C3 X 98.1 105.0 70.2 91.1 C3 61.3 85.3 103.0 83.2 -7.9 -8.7%
C5 X 44.4 43.3 43.0 43.6 C5 41.5 42.0 44.2 42.6 -1.0 -2.3%
C6 X X 37.7 34.9 27.7 33.4 C6 26.4 27.6 32.5 28.8 -4.6 -13.8%
C2 22.5 24.7 22.0 23.1 C2 21.3 19.9 21.9 21.0 -2.0 -8.8%
C4 X 6.9 7.3 6.9 7.0 C4 6.5 6.6 7.0 6.7 -0.3 -4.7%
C7 X 19.8 20.8 19.4 20.0 C7 17.9 20.5 20.3 19.6 -0.4 -2.2%
C8 X X 13.9 12.9 13.1 13.3 C8 12.8 11.9 11.5 12.1 -1.2 -9.3%
D1 31.7 35.8 31.3 32.9 D1 28.5 35.6 37.5 33.9 +0.9 +2.8%
D2 31.7 34.4 35.5 33.9 D2 31.2 35.1 34.4 33.6 -0.3 -0.9%
D3 X 31.9 32.4 32.7 32.3 D3 30.8 30.8 34.5 32.0 -0.3 -0.9%
D4 X 18.9 18.9 18.8 18.9 D4 19.3 19.1 18.1 18.8 -0.0 -0.2%
D5 X 18.5 22.7 20.2 20.5 D5 20.3 21.2 22.6 21.4 +0.9 +4.4%
D6 X X 18.3 19.6 16.2 18.0 D6 16.6 17.5 20.5 18.2 +0.2 +0.9%
Con 1 117.0 100.0 111.0 109.3 Con 1
Con 2 389.0 389.0 343.0 373.7 Con 2
Con 3 260.0 267.0 320.0 282.3 Con 3 13.5 19.8 16.0 16.4 -265.9 -94.2%
RFU Lacquer + Fluoropolymer
RFU Lacquer, RFU Lacquer + Urethane
RFU Lacquer + Fluoropolymer
Uncoated ControlUncoated Control
 RFU Lacquer + Urethane
Incralac + Cold Wax
RFU LacquerRFU Lacquer
Gloss Measurments [Gloss Units]
Post WeatheringPre Weathering




Incralac + Cold Wax
Table 4.7.1: Gloss Unit Measurements 
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4.8 Tape Test Adhesion Rating: ASTM D3359 
 Each of the sample 
groups had 2 plates chosen for 
the tape test, representing one 
polished sample and one 
patinated coupon.  As the 
coatings were all less than 2 
mils in thickness ASTM 
procedures defined that 11 
cuts had to be made in each direction, for a total of 22 cuts per sample, creating a 
10x10 grid.  Each cut line is spaced a millimeter apart from the next and made using 
three successive passes with a razor blade at constant pressure.  After cutting the 
crosshatch, a strip of pressure sensitive tape was applied and firmly pressed to the 
surface for 90 seconds.49  At the end of the 90 second adhesion period, the tape was 
peeled away firmly at a 180° angle at constant speed.  The coating was then inspected 
for loss within the grid system.  With 100 cells within the grid each individual loss of a 
cell equals 1%, this total is added up and used to determine an adhesion rating of 5B to 
0B. (Table 4.8.1) 
                                               
49 ASTM D3359 outlines a specific pressure sensitive tape sold under the name Permacel P99.  This tape 
type was discontinued by the manufacture several years prior to the writing of this thesis.  Instead a 
substitute tape was used manufactured by SEMicro (Derwood, Maryland) and sold as Cross Hatch Test 
Tape.  This new brand of pressure sensitive tape is said to be identical in strength and adhesion to that of 
the original Permacel tapes used in past adhesion tape tests. Further documentation on the certification 
of this tape can be found in Appendix C. 
Sample ID Surface Coating Adhesion Rating
A1 Polished Hot Wax 5B
A4 Patina Hot Wax 5B
B1 Polished Incralac + Wax 5B
B4 Patina Incralac + Wax 3B
C2 Polished RFU 3B
C4 Patina RFU 2B
C1 Polished RFU + URA 5B
C5 Patina RFU + URA 3B
D1 Polished RFU + Fluoro 2B
D4 Patina RFU + Fluoro 0B
Adhesion Rating
Table 4.8.1: Adhesion Rating  
47 
 
 It seemed, the groups which were 
patinated proved to have a much lower rating, 
as adhesion was poor between the patination 
layer and the bronze substrate.50  This caused 
the coating to fracture at points where the 
crass hatch was placed as seen in sample D4 
resulting in large areas of coating loss (Figure 
4.8.1).  Images documenting the results for this 
testing can be found in Appendix F. 
 
                                               
50 This is true across all patinated samples except for the hot wax group A, which scored a perfect 5B 
rating with no visible loss of coating on both the polished and patinated coupons.  This result is likely 
because with the hot wax application there is no coherent film of coating to be removed.  Referring to the 
film thickness readings in Table 4.6.1 it shows group A as having no determinable film thickness.  This is 
perhaps why adhesion tests showed no loss as the wax has been melted into the surface of the bronze, 
strengthening the patina. Also, of interest is perhaps the effect of heat in the protection of the cold applied 
patination layer. 
Figure 4.8.1: Sample D4 after tape testing 





 In developing this research program there was a desire to find the most superior 
coating though comparative testing of fluoropolymers and urethanes versus more 
traditional products of Incralac and wax.  From results gathered through ASTM test 
methods and artificial weathering this research showed there were several differences 
between the coatings systems and their durability, particularly regarding changes in 
gloss and adhesion testing.   
 While a protective coating should at the least provide a barrier between the 
bronze substrate and that of the outdoor environment, this is not the only factor that is 
weighed when conservators choose a coating system for an outdoor sculpture or 
monument.  Also, of importance is the manner in which a coating system visually 
changes over time.   
 Gloss testing results showed that wax coatings had a high level of change after 
500 hours of QUV weathering.  Hot wax samples showed on average more than a 50% 
decrease in gloss, indicating a significant change in aesthetics, as well as a protective 
value due to degradation from weathering.  The Incralac and cold wax samples also 
showed a large shift in gloss levels with and increase due to the thinning of the wax 
layer and exposure of the glossier Incralac beneath.  These shifts in gloss were not 
observed within the other coating systems, indicating less change in accelerated 
weathering exposure.  The coating that showed the least amount of change in gloss 
testing was the RFU and fluoropolymer system, where samples showed virtually no shift 
in gloss levels.  This data clearly demonstrates the durable nature of the fluoropolymer. 
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 While gloss meter testing was favorable for the RFU, urethane, and 
fluoropolymer samples these results were not consistent with the adhesion testing, 
where the waxes generally preformed the best and fluoropolymer the poorest.  Results 
showed that any coating on a patinated sample preformed less than the same coating 
on polished surface, likely due to poor adhesion strength of the patination layer versus 
that of the bronze substrate.51  Samples in group D likely had the highest levels of loss 
due to the extreme hardness of the fluoropolymer coating.  This coating seemed to have 
tendency to fracture when mechanically damaged, unlike all of the other coatings. 
 The results of this testing program have been somewhat mixed with no evidence 
to suggest one superior coating system over all others. Further research is needed to 
fully characterize the protective qualities of the newer coating systems in comparison to 
traditional systems of Incralac and wax.  Some changes would need to be made to this 
research to achieve more accurate and representative results.   
 For similar research done in the future, it is suggested that samples not be made 
of rolled material or silicon bronze as they were in this study.  The problems 
encountered in many tests were due to the tendency of these metals to resist the 
adhesion of coatings, and the higher resistance of silicon bronze to the effects of 
corrosion.  Samples should instead be as closely matched to that of the materials used 
in outdoor sculpture both through alloy and method of production.  While more 
expensive, samples of flat cast bronze will serve much better for future testing as 
                                               
51 Only in sample group A did the patinated sample preform equally to that of the polished sample.  This 
was due to the hot wax having no measurable thickness in its coating and as such the tape test had no 
coating to pull off, leading to no loss of the patinated surface. 
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adhesion and corrosion will match more closely with that of the sculpture materials 
found in the field.   
 Further testing should also be done in by electro impedance spectroscopy (EIS) 
as this is now considered the best method for obtaining quantitative data on how a 
coating weathers over time.  This procedure uses minute electrical charges, applied to a 
coating within an electrical cell, to determine the impedance, that is the ability of an 
applied film to block the transfer of the electrical signal through the coating.  A higher 
impedance indicates the success of the coating in creating a barrier between the 
substrate and environment.  Due to the cost and complexity of such testing, however, 
the procedure was not used within the timeframe of this thesis. 
 The deterioration bronze and protective coatings are a complex phenomenon 
that warrants considerable additional study.  New coating systems should be continually 
tested for their applicability within the field of conservation. The development of superior 
methods for the protection of outdoor bronze becomes ever more critical for the 
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1.  PRODUCT & COMPANY IDENTIFICATION  
1.1  Product Name:  
ANTIQUE BROWN® GEL  
1.2  Chemical Name:  Acid Mixture  
1.3  Synonyms:  750050, 750051, 750058  
1.4  Trade Names:  Antique Brown®  Gel  
1.5  Product Use:  Solution used to achieve a golden to chocolate brown color on brass, bronze, copper  
1.6  Distributor’s Name:  Birchwood Laboratories LLC  
1.7  Distributor’s Address:  7900 Fuller Road, Eden Prairie, MN 55344 USA  
1.8  Emergency Phone:  ChemTrec +1 (800) 424-9300 / +1 (703) 527-3887 or Poison Control Center +1 (855) 281-1742  
1.9  Business Phone / Fax:   +1 (952) 937-7900 / +1 (952) 937-7979  
  
2.  HAZARDS IDENTIFICATION  
2.1  Hazard Identification:  This product is classified as a hazardous substance and as dangerous goods according to the 
classification criteria of [NOHSC: 1088 (2004)] and ADG Code (Australia).  
DANGER!  TOXIC IF SWALLOWED. MAY CAUSE SEVERE SKIN BURNS OR EYE DAMAGE.  MAY 
CAUSE DAMAGE TO ORGANS THROUGH PROLONGED OR REPEATED EXPOSURE.  
Hazard Statements (H): H301 – Toxic if swallowed. H314 - Causes severe skin burns and eye damage.  
H373 - May cause damage to organs through prolonged or repeated exposure.  H410 – Very toxic to 
aquatic life with long lasting effects.  
Precautionary Statements (P):  P220 - Keep/Store away from clothing/ combustible materials.  P273 
– Avoid release to the environment. P280 - Wear protective gloves/ protective clothing/ eye protection/ 
face protection. P301+P310 - IF SWALLOWED: Immediately call a POISON CENTER or 
doctor/physician. P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. 
Remove contact lenses, if present and easy to do. Continue rinsing. P501 - Dispose of contents/ 




3.  COMPOSITION & INGREDIENT INFORMATION  
CHEMICAL NAME(S)  CAS No.  RTECS No.  
  
EINECS No.  %  
EXPOSURE LIMITS IN AIR (mg/m3)  
ACGIH  NOHSC  OSHA  
OTHER  
ppm  ppm  ppm  






TLV  STEL  IDLH  
WATER   7732-18-5  ZC0110000  231-791-2  60-100  NE  NE  NF  NF  NF  NE  NE  NE    
  
POLYOXYETHYLENE STEARYL WAX 
DERIVATIVES  
9005-00-9  NA  500-017-8  7-13  NA  NA  NF  NF  NF  NA  NA  NA  
  
  
PHOSPHORIC ACID   7664-38-2  TB6300000  231-633-2  1-5  (1)  (3)  NF  NF  NF  NA  NA  1000   
Metal Corrosion 1; Skin Corrosion1B; H290, H314  
COPPER (II) NITRATE, TRIHYDRATE  
10031-43-3  Gl7875000  221-838-5  1-5  (1)  NA  NF  NF  NF  (1)  NA  NA  
  
Metal Corrosion 1; Skin Corrosion1B; H290, H314  
SELENIOUS ACID   7783-00-8  VS7175000  231-974-7  1-5  (0.2)  NA  (0.2)  NF  NF  (0.2)  NA  NA    
Acute Toxicity-Inh 3; Acute Toxicity-Oral 3; STOT RE 2; Acute Aquatic Toxicity 1; Chronic Aquatic Toxicity 1); H301, H331  
AMMONIUM HYDROGEN DIFLUORIDE  1341-49-7  BQ9200000  215-676-4  1-5  (2.5)  NA  (2.5)  NA  NA  (2.5)  NA  NA  
  
Acute Toxicity 3; Skin Corrosion 1B; Serious Eye Damage 1; H301, H314  
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4.  FIRST AID MEASURES  
4.1  First Aid:  Ingestion:  Do not induce vomiting. Call +1 (855) 281-1742 for emergency medical advice. If vomiting occurs, keep victim’s 
head lowered (forward) to keep vomit from entering the lungs. Call 911 for emergency medical transport if 
any symptoms noted.  
Eyes:  Remove and discard contact lenses if worn and flush eyes with large amounts of water for at least 20 minutes. Seek 
immediate medical attention when done rinsing eyes.  
Skin:  Remove contaminated clothing and wash exposed skin with large amounts of soap and water. Seek medical attention 
if any blistering, swelling or open sores develop.  
Inhalation:  Move victim to fresh air. Contact emergency medical services (911) if any difficulty in breathing occurs or if victim 
loses consciousness.  
4.2  Effects of Exposure:   Eyes:  Severe or permanent eye damage.  
 Skin:  Burns upon direct contact.  
 Ingestion:  Severe burns of mouth, throat, stomach.  
 Inhalation:  Severe irritation or burns in respiratory tract and mucous membranes.  Possible lung damage.  
4.3  Symptoms of Overexposure:  Eyes:  Redness, burning, irritation, and swelling around eyes Skin: 
 Redness, burning, itching, rash, blistering of skin.  
 Ingestion:  Nausea, vomiting, severe abdominal pain.  
 Inhalation:  Coughing, wheezing, swelling of throat, irritation in mucous membranes, difficulty breathing.  
  
 
    
  4.  FIRST AID MEASURES – cont’d  
4.4  Acute Health Effects:  May be harmful if inhaled. Material is extremely destructive to the tissue of the mucous membranes and upper respiratory 
tract. May be harmful if swallowed. Causes burns. May be harmful if absorbed through skin.   
4.5  Chronic Health Effects:  May damage the nervous system, kidney and/or liver.  
4.6  Target Organs:  Eyes, skin, nervous system, kidneys, liver, respiratory system, spleen, blood forming organs, bones.  
4.7  Medical Conditions  
Aggravated by Exposure:  
Pre-existing dermatitis, other skin conditions, and disorders of the target 
organs (eyes, skin, respiratory system, liver, blood-forming organs) or 
impaired kidney function may be more susceptible to the effects of this 
substance.  
HEALTH  3  
FLAMMABILITY  0  
PHYSICAL HAZARDS  0  
PROTECTIVE EQUIPMENT  H  
EYES  SKIN  LUNGS    
4.8  Notes to Physician:  This product contains Selenious Acid and is potentially fatal if ingested even in small amounts.  24-hour admission should 
be considered in asymptomatic or minimally symptomatic patients as delayed toxic effects including pulmonary edema and 
multi-organ failure may occur. 24/7 medical toxicology consultation is available at +1 (855) 281-1742.  
    
  5.  FIREFIGHTING MEASURES  
5.1  Fire & Explosion Hazards:  Non-flammable. May react with metals to release hydrogen gas, which can form explosive mixtures 
with air.  May intensity fire; oxidizer.  
  
5.2  Extinguishing Methods:  Use fire-extinguishing media appropriate for surrounding materials.  
5.3  Firefighting Procedures:  As with any fire, firefighters should wear appropriate protective equipment including a MSHA/NIOSH 
approved or equivalent self-contained breathing apparatus (SCBA) and protective clothing. Fight fires 
as for surrounding materials.  Hazardous decomposition products may be released. Thermal 
degradation may produce oxides of carbon, phosphorous, selenium and/or nitrogen, hydrocarbons 
and/or derivatives. Fire should be fought from a safe distance.  Keep containers cool until well after 
the fire is out.  Use water spray to cool fire-exposed surfaces and to protect personal.  Fight fire 
upwind.  Prevent runoff from fire control or dilution from entering sewers, drains, drinking water supply, 
or any natural waterway.  
    
  6.  ACCIDENTAL RELEASE MEASURES  




6.1  Spills:  Before cleaning any spill or leak, individuals involved in spill cleanup must wear appropriate Personal Protective Equipment 
(PPE).  Use safety glasses or safety goggles and face shield; use gloves and other protective clothing (e.g., apron, boots, 
etc.) to prevent skin contact.   
Small Spills: Wear appropriate protective equipment including gloves and protective eyewear.  Use a non-combustible, inert 
material such as vermiculite or sand to soak up the product and place into a container for later disposal.  
Large Spills:  Keep incompatible materials (e.g., organics such as oil) away from spill.  Stay upwind and away from spill or 
release.  Isolate immediate hazard area and keep unauthorized personnel out of area.  Stop spill or release if it can be done 
with minimal risk.  Wear appropriate protective equipment including respiratory protection as conditions warrant. Recover 
as much free liquid as possible and collect in acid-resistant container. Use absorbent to pick up residue. Avoid discharging 
liquid directly into a sewer or surface waters.  
    
  7.  HANDLING & STORAGE INFORMATION  
7.1  Work & Hygiene Practices:  Avoid breathing mists or spray. Avoid eye and skin contact. Wear protective equipment when handling product. Keep out of 
the reach of children. Do not eat, drink or smoke when handling this product.  Wash thoroughly after handling. Do not expose 
to heat and flame. Use only in ventilated areas. Keep out of the reach of children.  Immediately clean-up and decontaminate 
any spills or residues.  
7.2  Storage & Handling:  Use and store in a cool, dry, well-ventilated location (e.g., local exhaust ventilation, fans) away from heat and direct sunlight.  
Store in acid-resistant containers.  Keep containers covered when not in use.  Avoid temperatures above 40°C (120°F).  
Keep away from incompatible substances (see Section 10). Protect containers from physical damage.    
7.3  Special Precautions:  Empty containers may retain hazardous product residues.  
    
 
    
  8.  EXPOSURE CONTROLS & PERSONAL PROTECTION  
8.1  Ventilation & Engineering 
Controls:  
Use local or general exhaust ventilation to effectively remove and prevent buildup of vapors or mist generated from the 
handling of this product.  Ensure appropriate decontamination equipment is available (e.g., sink, safety shower, eyewash 
station).  
8.2  Respiratory Protection:  In instances where vapors or sprays of this product are generated, and respiratory protection is 
needed, use only protection authorized by 29 CFR §1910.134, applicable U.S. State regulations, or 
the Canadian CAS Standard Z94.4-93 and applicable standards of Canadian Provinces, EC member 
States, or Australia.    
8.3  Eye Protection:  Safety glasses with side shields must be used when handling or using this product.  A protective face 
shield is also recommended.  
  
8.4  Hand Protection:  Wear protective, chemical-resistant gloves (e.g., neoprene) when using or handling this product.   
  
8.5  Body Protection:  A chemical resistant apron and/or protective clothing are recommended when handling or using this 
product.  
  
    
  9.  PHYSICAL & CHEMICAL PROPERTIES  
9.1  Appearance:  Blue gel  
9.2  Odor:  Odorless  
9.3  Odor Threshold:  NA  
9.4  pH:  1.5  
9.5  Melting Point/Freezing Point:  NA  
9.6  Initial Boiling Point/Boiling 
Range:  
> 100 °C (> 212 °F)  
9.7  Flashpoint:  NA  
9.8  Upper/Lower Flammability 
Limits:  
NA  
9.9  Vapor Pressure:  NA  
  
  




9.10  Vapor Density:  < 1.0 (air = 1.0)  
9.11  Relative Density:  1.055  
9.12  Solubility:  Complete (water)  
9.13  Partition Coefficient (log Pow):  NA  
9.14  Autoignition Temperature:  NA  
9.15  Decomposition Temperature:  NA  
9.16  Viscosity:  NA  
9.17  Other Information:  Evaporation Rate: < 1.0 (ethyl ether = 1.0)  
    
  10.  STABILITY & REACTIVITY  
10.1  Stability:  Stable at normal temperatures.  
10.2  Hazardous Decomposition 
Products:  
Reaction with organics and strong reducing agents can produce organoselenides and hydrogen selenide. Thermal 
decomposition may produce selenium, nitrogen, phosphoric and copper oxides, and hydrogen fluoride gas.  
10.3  Hazardous Polymerization:  Will not occur.  
10.4  Conditions to Avoid:  Excessive heat.  
10.5  Incompatible Substances:  Cyanides, water-reactive substances, strong reducing agents, chlorinated cleaners or sanitizers, combustible organic 
materials, and most metals.  
    
  11.  TOXICOLOGICAL INFORMATION  
11.1  Routes of Entry:  Inhalation:  YES  Absorption:  YES  Ingestion:  YES  
11.2  Toxicity Data:  Phosphoric Acid: LD50 (oral, rat) = 1530 mg/kg; Copper Nitrate Trihydrate: LD50 (oral, rat) = 794 mg/kg  
11.3  Acute Toxicity:  See Section 2.4  
11.4  Chronic Toxicity:  See Section 2.5  
11.5  Suspected Carcinogen:  NA   
11.6  Reproductive Toxicity:  This product is not reported to cause reproductive toxicity in humans.  
  Mutagenicity:  This product is not reported to produce mutagenic effects in humans.  
Embryotoxicity:  This product is not reported to produce embryotoxic effects in humans.  
Teratogenicity:  This product contains nickel sulfate, which is reported to cause teratogenic effects in humans.  
Reproductive Toxicity:  This product is not reported to cause reproductive effects in humans.  
11.7  Irritancy of Product:  See Section 2.3  
11.8  Biological Exposure Indices:  NE  
11.9  Physician Recommendations:  Treat symptomatically.  
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  12. ECOLOGICAL INFORMATION 
12.1  Environmental Stability:  No data available.  
12.2  Effects on Plants & Animals:  No data available.  
12.3  Effects on Aquatic Life:  Very toxic to aquatic life with long lasting effects.  Phosphoric Acid: EC50 (Daphnia magna, 12h) = 4.6 mg/L  
   
  13. DISPOSAL CONSIDERATIONS 
13.1  Waste Disposal:  Review current local, state and federal laws, codes, statutes and regulations to determine current status and appropriate 
disposal method for the ingredients listed in Section 2. Any disposal practice must be in compliance with local, state, and 
federal laws and regulations. Contact the appropriate agency for specific information. Treatment, transport, storage and 
disposal of hazardous waste must be provided by a licensed facility or waste hauler.   
13.2  Special Considerations:  U.S. EPA Hazardous Waste – Characteristic - Corrosive (D002), Characteristic - Toxic (D010)  
   
  14. TRANSPORTATION INFORMATION 
14.1  49 CFR (GND):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID,  
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 5.0 L)  
 
14.2  IATA (AIR):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID,  
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 0.5 L)  
14.3  IMDG (OCN):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID,  
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 5.0 L)  
14.4  TDGR (Canadian GND):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID, 
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 5.0 L)  
14.5  ADR/RID (EU):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID,  
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 5.0 L)  
14.6  SCT (MEXICO):  UN3264, LIQUIDOS, CORROSIVOS, ACIDO, INORGANICO, N.E.P. (ACIDO SELENIO, ACIDO 
FOSFORICO), 8, III, CANTIDAD LIMITADA (IP VOL ≤ 5.0 L)  
14.7  ADGR (AUS):  UN3264, CORROSIVE LIQUIDS, ACIDIC, INORGANIC, N.O.S. (SELENIOUS ACID,  
PHOSPHORIC ACID), 8, III, LTD QTY (IP VOL ≤ 5.0 L)  
    
  15. REGULATORY INFORMATION  
15.1  SARA Reporting Requirements:  This product contains Selenious Acid, Cupric Sulfate and Phosphoric Acid, substances subject to S 
313 reporting requirements.  
ARA Title III, section  
15.2  SARA Threshold Planning 
Quantity:  
NA   
15.3  TSCA Inventory Status:  The components of this product are listed on the TSCA Inventory.   
15.4  CERCLA Reportable Quantity 
(RQ):  
Selenious Acid: 10 lbs (4.54 kg); Ammonium Hydrogen Difluoride: 100 lbs (45.4 kg); Phosphoric A kg)  cid: 5,000 lbs (2,270  
15.5  Other Federal Requirements:  NA   





15.6  Other Canadian Regulations:  This product has been classified according to the hazard criteria of the CPR and the MSDS contains 
all of the information required by the CPR.  The components of this product are listed on the 
DSL/NDSL.  None of the components of this product are listed on the Priorities Substances List.  
WHMIS Class E (Corrosive Material). WHMIS Class D1 (Materials Causing Immediate and Serious 
Toxic Effects).  
 
15.7  State Regulatory Information:  Selenious Acid is found on the following state criteria lists: Florida Toxic Substances List (FL), Mass achusetts Hazardous  
  Substances List (MA), Minnesota Hazardous Substances List (MN), Pennsylvania Right-to-K now List (PA), and  
  Wisconsin Hazardous Substances List (WI).  
Ammonium Hydrogen Difluoride is found on the following state criteria lists: FL, MA, MN, NJ,  PA and Washington  
  Permissible Exposures List (WA).  
Phosphoric Acid is found on the following state criteria lists: MA, PA.  
No other ingredients in this product, present in a concentration of 1.0% or greater, are listed on any  of the following state  
  criteria lists:  California Proposition 65 (CA65), Delaware Air Quality Management List (DE), Flori da Toxic Substances  
  List (FL), Massachusetts Hazardous Substances List (MA), Michigan Critical Substances List (MI),  Minnesota Hazardous  
  Substances List (MN), New Jersey Right-to-Know List (NJ), New York Hazardous Substances Lis t (NY), Pennsylvania  
  Right-to-Know List (PA), Washington Permissible Exposures List (WA), Wisconsin Hazardous Subst ances List (WI).  
15.8  Other Requirements:  The primary components of this product are listed in Annex I of EU Directive 67/548/EEC. Selenious 
Acid: Corrosive (C), Toxic (T).    
Risk Phrases (R): R35 – Causes severe burns.   
Safety Phrases (S): S1/2-7/9-24/25-26-28-46 - Keep locked up and out of the reach of children. Keep 
container tightly closed and in a well-ventilated place.  Avoid contact with skin and eyes. In case of 
contact with eyes, rinse immediately with plenty of water and seek medical advice. After contact with 
skin, wash with plenty of soap and warm water.  If swallowed, seek medical advice immediately and 
show this container or label.  
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SCULPT NOUVEAU Safety Data Sheet 
1.  CHEMICAL PRODUCT AND COMPANY 
IDENTIFICATION 
 Product Name: METAL DEGREASER 
Chemical Name: Aqueous Solution 
 Trade Name: Metal Cleaner Degreaser 
Product Use: Cleaner 
Distributor’s Name: Sculpt Nouveau, LLC 
Distributor’s Address: 1155 Industrial Ave. Escondido, CA 92029 
Emergency Phone: CHEMTREC 800-424-9300 U.S. and Canada; 1-703-527-3887 International 
Business Phone: +760-432-8242 
2.  HAZARDS IDENTIFICATION 
 Hazard Identification: This product is classified as a hazardous substance as assessed according to the 
classification criteria of [NOHSC: 1088 (2004)] and ADG Code (Australia). 
DANGER! MAY BE CORROSIVE TO METALS. HARMFUL IF SWALLOWED. CAUSES 
SEVERE BURNS AND EYE DAMAGE.     
Hazard Statements (H):  H290 - May be corrosive to metals. H302 - Harmful if 
swallowed. 
H314 - Causes severe burns and eye damage. H402 - Harmful to aquatic life. 
Precautionary Statements (P):  P261 - Avoid breathing mist/sprays. P272 - 
Contaminated work clothing should not be allowed out of the workplace. P280 
- Wear protective gloves and eye protection. P302+P352 - IF ON SKIN: Wash 
with plenty of soap and water. P333+P313 - If skin irritation or rash occurs, get 
medical advice/attention. P310 - Immediately call a POISON CENTER or 
doctor/physician. P321 - Specific treatment, see Section 4 of this safety data 
sheet. P363 - Wash contaminated clothing before reuse. P305+P351+P338 - IF 
IN EYES: Rinse cautiously with water for several minutes. Remove contact 
lenses if present and easy to do so. 
Continue rinsing.  
P501 - Dispose of contents/container to licensed treatment, storage and 
disposal facility. 
 
Effects of Exposure: Eyes:    Severe or permanent eye damage. Corrosive 
Skin:    Severe irritation and possible burns 
Ingestion:  Severe burns of mouth, throat and stomach.  




Eyes:    Redness, burning, irritation, and swelling around eyes. Eye damage. 
Skin:    Redness, burning, itching, rash, and scaling of the skin (dermatitis). 
Ingestion:  Nausea and vomiting, severe abdominal pain.  




Health   2 
Fire    0 












Acute Health Effects: Severe or permanent eye damage. Severe irritation and possible burns. Severe burns of mouth, 
throat, and stomach. Severe irritation of respiratory tract and mucous membranes. 
Chronic Health Effects: Severe or permanent eye damage.  
 Target Organs: Eyes, skin, respiratory system. 
3.  COMPOSITION & INGREDIENT INFORMATION 
CHEMICAL NAME(S) CAS No. % EXPOSURE LIMITS IN AIR (mg/m3) ppm 
    ACGIH OSHA NOHSC 
   TLV STEL TWA STEL IDLH TWA STEL  
Water 7732-18-5 60-100 NE NE NE NE NA NA NF  
Phosphoric Acid 7664-38-2 1-5 (1) (3) NA NA 1000 NF NF  
Sodium Silicate 1344-08-8 7-13 NA NA NA NA NA NF NF  
Tetrapotassium Pyrophosphate 7320-34-5 1-5 NA NA NA NA NA NF NF  
Sodium Gluconate 527-07-1 1-5 NA NA NA NA NA NF NF  
Potassium Pyrophosphate 7320-34-5 1-5 NA NA NA NA NA NF NF  
NA = Not Available; ND = Not Determined; NE = Not Established; NF = Not Found;  
All WHMIS required information is included. It is located in appropriate sections based on the ANSI Z200.1-2010 format. 
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 4.  FIRST AID MEASURES  
First Aid: Ingestion:  
    
   Eyes: 
   
    
   
Skin:    
   
Inhalation:  
DO NOT INDUCE VOMITING.  Contact nearest Poison Control Center for 
assistance and instructions. Seek immediate medical attention. If vomiting occurs 
spontaneously, keep victim’s head lowered (forward) to reduce the risk of 
aspiration. 
If product gets in eyes, flush eyes thoroughly with large amounts of water for at 
least 15 minutes, holding eyelid(s) open to ensure complete flushing. If the eyes 
or face become swollen during or following use, consult a physician or emergency 
room immediately. Remove contaminated clothing and wash affected areas with 
soap and water. If discomfort or a skin reaction occurs, contact a physician. Do 
not wear contaminated clothing until cleaned. Remove victim to fresh air at once. 
Seek immediate medical attention if breathing is diffucult. 
Medical Conditions 
Aggravated by Exposure: 
Pre-existing dermatitis, other skin conditions, and disorders of the eyes or respiratory system may 
be more susceptible to the effects of this substance. 
5. FIREFIGHTING MEASURES 
Fire and Explosion 
Hazard : 
Non-flammable. Use media as appropriate for surrounding fire. Contact with metals may release 
flammable hydrogen gas. 
Extinguishing Methods : Use carbon dioxide, foam, water spray. Halon (if permitted), dry chemical extinguisher. 
Firefighting Procedures : As with any fire, firefighters should wear appropriate protective equipment including a 
MSHA/NIOSH approved or equivalent self contained breathing apparatus and protective clothing. 
Hazardous decomposition products may be released. Thermal degradation may produce oxides of 
carbon, and/or nitrogen, hydrocarbons and or derivatives. Fires should be fought from a safe 
distance. Prevent runoff from fire control or dilution from entering sewers, drains, drinking water 
supply, or any natural waterway. 
6. ACCIDENTAL RELEASE MEASURES 





Spills: Before cleaning any spill or leak, individuals involved in spill cleanup must wear appropriate 
personal protective equipment (PPE). Use safety glasses and face shield, gloves and other 
protective clothing to prevent skin contact. Small Spills: Wear appropriate protective equipment as 
previously stated. Use a non-combustible, inert material such as vermiculite or sand to soak up the 
product and place into a container for later disposal. 
Large Spills: Keep incompatible materials (e.g., organics such as oil) away from spill. Stay upwind 
and away from spill or release. Isolate immediate hazard area and keep unauthorized personnel 
out of area. Stop spill or release if it can be done with minimal risk. Wear appropriate protective 
equipment including respiratory protection as conditions warrant. Recover as much free liquid as 
possible and collect in acid-resistant container. Use absorbent to pick up residue. Avoid discharging 
liquid directly into a sewer or surface waters.  
7.  HANDLING & STORAGE INFORMATION 
Work and Hygiene Practices: Avoid breathing mists or spray. Avoid eye and skin contact. Wear protective equipment 
when handling product. Keep out of the reach of children. Do not eat, drink or smoke when 
handling this product. Wash thoroughly after handling. Immediately clean up and 
decontaminate any spills or residues. 
Storage and Handling: Use and store in a cool, dry, well ventilated location (e.g., local exhaust ventilation, fans), 
away from heat and sunlight. Keep away from incompatible substances (see section 10). 
Protect containers from physical damage. 
Special Precautions: Empty containers may retain hazardous product residues. Do not reuse empty containers 
for other purposes. 
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8. EXPOSURE CONTROLS & PERSONAL PROTECTION 
Ventilation and 
Engineering Controls: 
Use local or general exhaust ventilation to effectively remove and prevent buildup of vapors or 
mist generated from the handling of this product. Ensure appropriate equipment is available (eye 
wash station, sink, etc.). 
Respiratory Protection: In instances where vapors or sprays of this product are generated, and respiratory protection is 
needed, use only protection authorized by 29 CFR §1910.34, applicable U.S. State regulations or 
the Canadian CAS Standard Z94.4-93 and applicable standards of Canadian Provinces, EC member 
States, or Australia (e.g., NIOSH approved respirator with full or half face N95 cartridge). 
Eye Protection: Safety glasses with side shields must be used when handling this product. A face shield is also 
recommended. 
Hand Protection: Wear protective, chemical-resistant gloves, (e.g., neoprene) when handling this product. 
Body Protection: A chemical resistant apron and protective clothing are recommended when handling or using this 
product. 
9. PHYSICAL & CHEMICAL PROPERTIES 
Appearance: Amber liquid 
Odor: Mild odor 
Odor Threshhold: N/A 
pH: 14.0 
Melting and Freezing 
Point: 
N/A 





Boiling Point/Range: >100°C  (212°F) 
Flashpoint: N/A 
Flammability Limits: N/A 
Vapor Pressure: N/A 
Vapor Density: > 1.0 (air=1.0) 
VOC: N/A 
Solubility: Complete 
Evaporation Rate: < 1.0 (ethyl ether = 1.0) 
10. STABILITY & REACTIVITY 
Stability: Stable under normal storage and use conditions. 
Hazardous 
Decomposition: 
Contact with metals such as aluminum and zinc may product hydrogen gas. Thermal 
decomposition can produce oxides of carbon, potassium, nitrogen and sulfur. If heated, may 
produce violent reaction with water. 
Hazardous 
Polymerization: 
Will not occur 
Conditions to Avoid: Avoid high temperatures and incompatible materials. 
Incompatible 
Substances: 
Water-reactive substances, metals (e.g., aluminum, zinc) strong acids, oxidizers, organic halogens, 
flammable liquids. 
11. TOXICOLOGICAL INFORMATION 
Routes of Entry: Inhalation: Yes Absorption: Yes Ingestion: Yes  
Toxicity Data: Tetrapotassium Pyrophosphate: LD50 (dermal, rabbit) > 4640 mg/kg:   Phosphoric Acid: LD50 (oral, 
rat) = 1530 mg/kg: LD50 (oral, rat) = 4640 mg/kg 
Acute Toxicity: See section Section 2 for acute toxicity 
Chronic Toxicity: See section Section 2 for chronic toxicity 
Suspected Carcinogen: NA 
Reproductive Toxicity: This product is not reported to cause problems with fertility or the unborn child. 
Mutagenicity: This product is not reported to cause mutagenic effects in humans. 
Embryotoxicity: This product is not reported to cause embryotoxic effects in humans. 
Teratogenicity: This product is not reported to cause teratogenic effects in humans. 
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 12.  ECOLOGICAL 
INFORMATION 
 
Environmental Stability No data available 
Effects on Plants & 
Animals: 
No data available 
Effects on Aquatic Life: No data available 
13.  DISPOSAL CONSIDERATIONS 





Waste Disposal: Review current local, state and federal laws, codes, statutes and regulations to determine current 
status and appropriate disposal method for the ingredients listed in Section 2. Any disposal 
practice must be in compliance with local, state, and federal laws and regulations. Contact the 
appropriate agency for specific information. Treatment, transport, storage and disposal of 
hazardous waste must be provided by a licensed facility or waste hauler.  
Special Considerations: N/A 
14.  TRANSPORTATION INFORMATION 
49 CFR (GND) 
IATA (AIR) 
IMDG (OCN) 




UN3264 CORROSIVE LIQUID, ACIDIC, INORGANIC, N.O.S., (Phosphoric Acid), 8, III 
 
 
15.  REGULATORY INFORMATION 
SARA Reporting 
Requirements: 
This product contains Phosphoric Acid, a substance subject to SARA Title III, section 313 reporting 
requirements 
 
SARA Threshold Planning 
Quantity 
N/A 
TSCA Inventory Status: The components of this product are listed on the TSCA Inventory. 
Federal and State 
Regulations: 
Phosphoric Acid is found on the following state criteria lists: FL, MA, MN, PA. 
Sodium Silicate is found on the following state criteria lists: MA, NJ, PA. 
Tetrapotassium Pyrophosphate is found on the following state criteria lists: NJ, PA. 




This product has been classified according to the hazard criteria of the CPR and the SDS contains 
all of the information required by  the CPR. The components of this product are listed on the 
DSL/NDSL. None of the components of this product are listed on the Priorities Substances List. 








Other Requirments: The primary components of this product are listed in Annex 1 of EU 
Directive 67/548/EEC.  Corrosive, Harmful (C, Xn), Harmful if 
swallowed. Causes severe burns. 
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16.  OTHER INFORMATION 
 Other Information: DANGER! May be corrosive to metal. Harmful if swallowed. Causes severe burns and eye damage. 
Wear protective gloves/eye protection. If swallowed, immediately call a Poison Center or 
doctor/physician. Avoid breathing mist or spray. If skin irritation or rash occurs, get medical 
attention/advice. KEEP OUT OF REACH OF CHILDREN. 
Disclaimer: This Safety Data Sheet is offered pursuant to OSHA’s Hazard Communication Standard, 29 CFR §1910.1200. 
Other government regulations must be reviewed for applicability to this product. To the best of Sculpt 
Nouveau’s knowledge, the information contained herein is reliable and accurate as of this date; however, 
accuracy, suitability or completeness are not guaranteed and no warranties of any type, either expressed or 
implied, are provided. The information contained herein relates only to the specific product(s). If this product(s) 
is combined with other materials, all component properties must be considered. Data may be changed from 
time to time. Be sure to consult the latest edition. 





Escondido, CA 92029 USA 
Tel: 760 432 8242 
Fax: 760-741-1074 
www.sculptnouveau.com 





Material Safety Data Sheet 
Manufacturer's Name: StanChem, Inc. 
401 Berlin Street 
East Berlin, CT 06023 
Emergency Telephone Number: CHEMTREC 1-800-424-9300 
Outside the US: 01-703-527-
3887 
Information Telephone Number: (860) 828-0571 
Date of Preparation: May 10, 2006 
Section I — Product Identification 
Product Number: 69x1732 
Product Name: Incralac 
Product Class: Acrylic 
Section Il — Hazardous Ingredients 
 
Occupational Exposure Limit 
Ingredient CAS# Weight % ACGIH TLV OSHA PEL 
(ppm) (ppm) 
Toluene 108-88-3 26.5 50 100 
Xylene* 1330-20-7 53.6 100 100 
Methyl Ethyl Ketone 78-93-3 2.1 
*contains ethyl benzene CAS# [100-41-4] 
Section 111 - Physical Data 
Boiling Range: 180-2400 
Vapor Densiry: Heavier Than Air 
Evaporation Rate: Slower Than Butyl Acetate 
VOC Content (wt.): 83.2% 




Section IV — Fire and Explosion Hazard Data 






OSHA Flammable Liquid Class 1B 
DOT Flammable Liquid 
Flash point 25-400F 
LEL 100 
Extinguishing Media: Foam "Alcohol" Foam  C02 Dry Chemical 
Unusual Fire and Explosion Hazards: Water may be used to cool containers to prevent pressure build up 
and possible auto-ignition or explosion when exposed to extreme heat. Ground all containers. Vapors 
are heavier than air and may travel along the ground. 
Special Firefighting Procedures: Fight as volatile liquid fire. Closed containers may explode when 
exposed to extreme heat. Use water to keep fire exposed containers cool to reduce pressure. Firefighters 
should wear NIOSH/MSHA approved self-contained breathing apparatus and full protective clothing. 
Section V - Health Hazard Data 
Effects of Overexposure: 
Inhalation: May be irritating to the respiratory tract and may produce symptoms 
of headache, fatigue, weakness and dizziness. 
Skin: Prolonged or repeated contact with coating may cause moderate 
irritation, dermatitis. 
Eyes: Severe irritation. Liquid may cause damage to eye tissue. 
Ingestion: May cause gastrointestinal nausea, vomiting and diarrhea. 
Medical Conditions Prone to Aggravation by_ Exposure: Sinus  Dermatitis 
Primary Route(s) of Entry: Inhalation Dermal 
Carcinogenicity:  NTP? No 
IARC Monographs? No OSHA Regulated? 
No 
Emergency and First Aid Procedures: 
Inhalation: Remove individual to fresh air. Administer oxygen if breathing is difficult. 
Skin: Wash thoroughly with soap and water. Remove contaminated clothing. 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes. Consult a 
physician. 
Ingestion: Drink large quantities of water. Do not induce vomiting. Call a Physician or 
Poison Control Center immediately. 
Section VI — Reactivity Data 
Stability: Stable 
Hazardous Polymerization: Will not Occur 





Hazardous Decomposition Products: Thermal decomposition may yield carbon monoxide and/or carbon 
dioxide. 
Conditions To Avoid: N/A 
Incompatibility (materials to avoid): Strong oxidizing agents 
Section VIl — Spill or Leak Procedures 
Steps to be Taken in Case Material is Released or Spilled: Avoid breathing vapors. Ventilate area. 
Stop spill at source, dike to prevent spreading. Pump liquid into containers. The remainder should be 
removed with inert absorbent use non-sparking tools. 
Waste Disposal Method: Dispose of in accordance with local, state and federal regulations. 
Section VIII — Safe Handling and Use Information 
Ventilation: Local exhaust is required by job conditionsn to keep TLV below acceptable limits. Refer to 
OSHA regulations 29 CFR Part 191c.94 
Respiratory Protection: Approved chemical/mechanical filters designed to remove organic 
vapors. 
Protective Gloves: Wear appropriate chemical resistant gloves. 
Eye Protection: Use safety eyewear with splash guards or side shields. 
Other Protective Equipment: Wear protective equipment. 
Hygienic Practices: Eye wash and shower should be available. Use under well ventilated conditions. 
Personnel should wash thoroughly after handling product. Always wash-up before eating, smoking or 
using the toilet facilities. Do not breathe vapor, do not contact eyes, skin and clothing. 





Section IX — Special Precautions 
Precautions To Be Taken in Handling and Storing: Keep away from heat or open flames. 
Store below 900F 
Other Precautions: Avoid contact with eyes and skin. Avoid breathing vapors. Use adequate oven 
ventilation. 
Section XV — Regulatory 
California Prop. 65: ethylbenzene, toluene, ethyl acrylate 
Notice 
This information is furnished without warranty, representation, inducement, or license of any 
kind, except that it is accurate to the best of StanChem's knowledge or obtained from sources 
believed by StanChem to be accurate. StanChem does not assume any legal responsibility for use 
or reliance upon same. Customers are encouraged to conduct their own tests. For additional 
technical information contact StanChem. 






Material Safety Data Sheet 
Manufacturer's Name: StanChem, Inc. 
401 Berlin Street 
East Berlin, CT 06023 
Emergency Telephone Number: CHEMTREC 1-800-424-9300 
Outside the US: 01-703-527-3887 
Information Telephone Number: (860) 828-0571 
Date of Preparation: August 30, 2007 
Section I — Product Identification 
Product Number: 71X0202 
Product Name: Flattening Dispersion 
Product Class: Polyethylene 
Section Il — Hazardous Ingredients 
Occupational Exposure Limit 
 
Ingredient CAS# Weight % ACGIH TLV OSHA PEL 
(ppm) (ppm) 
Xylene * 1330-20-7 74.0-76.0 
*contains Ethyl Benzene — CAS #100-41-4 
Section 111 - Physical Data 
Boiling Range: 275 0- 2900F 
Vapor Density: Heavier Than Air 
Evaporation Rate: Slower Than Butyl Acetate 
VOC level: 656 g/L 




Section IV — Fire and Explosion Hazard Data 
Flammability Classification: 
OSHA Flammable Liquid - Class 1B 
DOT Flammable Liquid 
Flash Point 80-900F (Tag open cup) 
LEL 1.0% 
1211 
Extinguishing Media: "Alcohol" C02 Dry 
Foam Chemical 





Unusual Fire and None. Self Contained breathing apparatus and protective 
Explosion Hazards: clothing. 
Special Firefighting Fight as volatile liquid fire. Closed containers may explode 
Procedures: when exposed to extreme heat. Use water to keep fire exposed 
containers cool to reduce pressure. 
Section V — Health Hazard Data 
Effects of Inhalation: May be irritating to nasal and respiratory tract and 
Overexposure: may produce symptoms of headaches, fatigue, 
weakness and dizziness. 
Skin: Prolonged or repeated contact with coating may cause 
moderate irritation and dermatitis. 
Eyes: Severe Irritation. Liquid may damage eye tissue. 
Ingestion: May cause gastro-intentional discomfort, nausea, 
vomiting and diarrhea. 
Medical Conditions Sinus: 
Prone to Aggravation By 
Exposure: 
Dermatitis 





IARC Monographs? Yes— 2B (ethyl benzene) 
 
 OSHA Regulated?   
Emergency and First Air Procedures: 
Inhalation: Remove individual to fresh air, Administer oxygen if breathing is 
difficult. 
Skin: Wash thoroughly with soap and water. Remove contaminated clothing 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes. 
Consult a physician. 
Ingestion: Dilute with clear fluid, then immediately call a Physician or the 
Poison Control Center. 
1 1211  
 









Will Not Occur 
Hazardous 
Combustion may produce hydrogen chloride, carbon dioxide 
Decomposition 
Products: 
and/or carbon monoxide. 
Conditions to Avoid: None 
Impompatibility Strong oxidizing agents. [materials to avoid] 
Section VII — Spill or Leak Procedures 
Steps to be Taken in Avoid all sources of ignition. Avoid breathing vapors. Ventilate 
Case Material is area. Stop spill at source; dike area to prevent spreading. Pump 
Released or Spilled: liquid into containers. The remainder should be removed with inert 
absorbent using none-sparking tools. 
Waste Disposal Dispose of in accordance with local, state and federal regulations. 
Method: 
Section VIII — Safe Handling and Use Information 
Respiratory Approved chemical/mechanical filters designed to remove organic 
Protection: vapors. 
Ventilation: Local exhaust as required by job conditions to keep TLV below 
acceptable limits. Refer to OSHA regulations 29 CFR Part 
1910.94. 
Protective Gloves: Wear chemical resistant gloves. 
Eye Protection: Use safety eyewear with splash guards or side shields. 









Hygienic Practices: Eye wash and shower should be available. Use under well ventilated 
conditions. Personnel should wash thoroughly after handling 
product. Always wash-up before eating, smoking or using the toilet 
facilities. 
Section IX — Special Precautions 
Precautions To Be Keep away from heat and open flames. Taken 
in Handling And Storing: 
Other Precautions: Avoid contact with eyes or skin. Avoid breathing vapors. 
Section XIV — Transportation 
Proper Shipping Name: 71X0202 POLYMER DISPERSION 
Technical Name: Paint 
Identification Number: UN1263 
Hazard Class/Division: 3 (Flammable Liquid) 
Packing Group: 
Section XV - Regulatory 
11 
California Prop. 65. 
Warning: This product contains chemicals known to the State 
of California to cause cancer, birth defects or other 
reproductive harm. 
Notice 
This information is furnished without warranty, representation, inducement, or license of any 
kind, except that it is accurate to the best of StanChem's knowledge or obtained from sources 
believed by StanChem to be accurate. StanChem does not assume any legal responsibility for use 
or reliance upon same. Customers are encouraged to conduct their own tests. For additional 














































PRODUCT NAME #9778 ACRYLIC URETHANE PART A 
IDENTIFICATION NUMBER: L9778. PRODUCT 
USE/ CLASS 
SUPPLIER: 
G. J. NIKOLAS & CO. , INC 2800 
Washington Blvd. 
Bellwood, IL 60104 
EMERGENCY TELEPHONE: 800-424-9300 
24 hours 
DATE PRINTED : 05/07/07 
MANUFACTURER: 
G. J. NIKOLAS & CO. , INC. 2800 
Washington Blvd. 
Bellwood, IL 60104 
EMERGENCY TELEPHONE: 800 -9300 
24 hours 
PREPARER: JM, PHONE : 708-544-0320, PREPARE DATE: 02/16/07 
 
 CAS NUMBER IS LESS THAN TLV-TWA TLV - STEL PEI. -TWA PEL-CEILING SKIN 
 
ESTER 141  30.    400 ppm NO INFO NO 
ESTER 123 20.0  150 PPM 200 PPM NO 
AROMATIC HYDROCARBON 108-88-3 10.0  50 / ppm 150 /ppm* NO 
KETONE 78-93-3  5.   200 PPM 300 PPM NO 
GLYCOL ETHER 108-65-6  5   NO INFO NO INFO NO 
(See Section 11 for abbreviation legend)  * - Ceiling Value 
 
BOILING RANGE171 - 302 F 
ODOR CHARACTERISTIC 
APPEARANCE CLEAR LIQUID 
SOLUBILITY IN H20 NEGLIGIBLE 
VOLATILE BY WEIGHT: 59. 8% 
VOCS, lbs/ gal4 . 93 
VAPOR DENSITY 
SPECIFIC GRAVITY: 
EVAPORATION RATE : 
VOLATILE BY VOL. . 
VOCS, grams/ 1 tr Is 
heavier than air 
Is slower than Ether 
66.8% 
591 
(See Section XI for abbreviation legend) 
WT  .  PERCENT OCCUPATIONAL  EXPOSURE  LIMITS 






FLASH POINT: 24 F 
(SETAFLASH CLOSED CUP) 
LOWER EXPLOSIVE LIMIT:
 1.2 % 
UPPER EXPLOSIVE LIMIT: 13.1 % 
 on 2) 
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EXTINGUISHING MEDIA: ALCOHOL FOAM C02 DRY CHEMICAL FOAM WATER FOG 
UNUSUAL FIRE AND EXPLOSION HAZARDS: Keep containers tightly closed. Isolate from 
heat, sparks, and open flame. Closed containers may explode when exposed to 
extreme heat. Do not use when smoking or where electrical sparks or open flame is 
present . 
SPECIAL FIREFIGHTING PROCEDURES: Water may be used to cool closed 
containers to prevent pressure build-up and possible autoignition or 
explosion when exposed to extreme heat. 
 
EFFECTS OF OVEREXPOSURE EYE CONTACT: Causes moderate irritation. May cause: 
redness, swelling, pain, or eye injury . 
EFFECTS OF OVEREXPOSURE SKIN CONTACT: May cause mild irritation. 
Prolonged and repeated contact with skin can cause defatting and drying of the 
skin which may result in skin irritation and dermatitis. Prolonged contact may 
cause: discomfort, pain, redness, swelling, or tissue destruction. 
EFFECTS OF OVEREXPOSURE - INHALATION: Causes moderate irritation. Vapors may 
irritate: nose, throat, or respiratory tract. May cause: chest pain or coughing. 
Inhalation overexposure may lead to central nervous system depression producing 
effects such as: nausea, vomiting, headache, dizziness, drowsiness, weakness, and 
loss of consciousness. May produce signs and symptoms of toxicity similar to 
those described for swallowing. Intentional misuse by deliberately concentrating 
and inhaling the contents may be harmful or fatal. 





EFFECTS OF OVEREXPOSURE - INGESTION: May cause moderate irritation. Mildly toxic 
by ingestion. May cause: abdominal discomfort, nausea, vomiting, diarrhea, 
dizziness, drowsiness, headache, or unconsciousness. Liquid ingestion may result 
in vomiting; aspiration (breathing of liquid into the lungs) must be avoided as 
liquid contact with the lungs can result in chemical pneumonitis and pulmonary 
edema/ hemorrhage. Prolonged or repeated exposure may cause damage to the liver. 
EFFECTS OF OVEREXPOSURE - CHRONIC HAZARDS: Eye disorders. Skin disorders. 
Respiratory system disorders. 
FIRST AID - EYE CONTACT: Immediately flush eyes with plenty of water for at 
least 15 minutes while holding eyelids open. Tilt head to avoid contaminating 
unaffected eye. Get immediate medical attention. Remove contact lenses if 
possible. 
FIRST AID - SKIN CONTACT: Flush skin with plenty of water while removing 
contaminated clothing and shoes. Do not reuse clothing or shoes until 
3) 
 
cleaned. If irritation develops or persists, get medical attention. 
Discard contaminated leather articles such as shoes and belt. Do not apply oils 
or ointments unless ordered by the physician. 
FIRST AID - INHALATION: Remove to FRESH air. If breathing is difficult, 
administer oxygen. If not breathing, give artificial respiration, preferably 
mouth-to-mouth. GET MEDICAL ATTENTION IMMEDIATELY . 
FIRST AID - INGESTION: If fully conscious, give two glasses of water, then induce 
vomiting by touching back of throat with finger. Keep head below hips to prevent 
aspiration of liquid into the lungs. CALL A PHYSICIAN immediately. Never induce 
vomiting or give anything by mouth to an unconscious victim. 
NOTE TO PHYSICIANS: There is no specific antidote. Treatment of overexposure 
should be directed at the control of symptoms and the clinical condition of the 
patient. Individuals experiencing breathing difficulties after exposure to vapor 
generated in aerosol applications should be observed for at least 48 hours in 
case delayed respiratory complications develop. 
PRIMARY ROUTE (S) OF ENTRY: SKIN CONTACT SKIN ABSORPTION INHALATION INGESTION EYE 
CONTACT 
 





HAZARDOUS DECOMPOSITION PRODUCTS: Burning can produce carbon-dioxide and/or 
carbon monoxide. 
CONDITIONS TO AVOID: none known. 
INCOMPATABILITY: Alkali metal hydroxides, such as sodium hydroxide, strong 
oxidizing agents such as nitric acid, strong acids, excessive heat and ignition 
sources. 
HAZARDOUS POLYMERIZATION: will not occur under normal conditions. 
STABILITY: This product is stable under normal storage conditions. 
 
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: Avoid breathing 
solvent vapor. Ensure adequate ventilation. Avoid sparks, flames, and anything 
which could cause fire. 
WASTE DISPOSAL METHOD: Soak liquids with sawdust or rags and remove. Flush with 
water if possible. Avoid skin contact. Disposal should be in accordance with 
Local, State, and Federal Regulations. 
4 ) 
 
RESPIRATORY PROTECTION: NIOSH/OSHA approved respirator types suitable for 
materials in section 11 recommended. Approved chemical/ mechanical filters 
recommended when ventilation is restricted. Approved airline type respirators or 
hoods recommended in confined areas. 
VENTILATION: Sufficient ventilation, in volume and pattern, should be 
provided to keep air contamination below current applicable OSHA permissible 
exposure limit or ACGHI' S TLV limit. 
SKIN PROTECTION: Rubber or neoprene. Wear protective clothing sufficient to 
cover exposed skin surfaces. For applications where skin contact is likely use 
gloves and/or clothing made of neoprene rubber or butyl rubber. 
EYE PROTECTION: Chemical-type splash goggles with side shields or face shield 
recommended. 
OTHER PROTECTIVE EQUIPMENT: Use protective creams where skin contact is 
likely. Remove and wash contaminated clothing before reuse. Clothing adequate 
to protect skin, eyebath, and safety shower. 





HYGIENIC PRACTICES: Wash hands before eating or smoking. Smoke in designated 
areas only. 
 
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE: GROUNDING: when transferring, 
fill stem and container must be grounded and bonded. Store in a cool dry area 
with ventilation suitable for storing materials shown in section 11. Keep away 
from heat, sparks and open flame. Do not cut, weld, braze, solder, drill, grind 
or expose empty containers to heat, flame , sparks or other sources of ignition; 
they may explode and cause injury or death . 
OTHER PRECAUTIONS: Provide respiratory protection against fumes generated during 
burning. Avoid prolonged contact with skin and breathing of vapors . 
 
HMIS RATINGS HEALTH: 2 FLÆv1MABILITY: 3 REACTIVITY : 2 
 
5) 







SARA SECTION 313: 
This product contains the following substances subject to the reporting 
requirements of Section 313 of Title 111 of the Superfund Amendments and 
Reauthorization Act of 1986 and 40 CFR Part 372 : 
CHEMICAL NAME -  CAS NUMBER WT/WT IS LESS THAN AROMATIC 
HYDROCARBON 108-88-3 10 .  
KETONE 78-93-3 5.  
PREVIOUS MSDS REVISION DATE: 01/03/06 
LEGEND: N.A. Not Applicable, N.E. Not Established, 
 N.D. Not Determined





SAFETY DATA SHEET 
SECTION 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 
Product Name: #14783 GLOSS TAG-KILL PT-A    Product Code: L14783 
SUPPLIER: 
G.J. Nikolas & Co., Inc. 
2800 Washington Blvd. 
Bellwood, IL 60104 
Emergency telephone: 800-424-9300 
24 hours 
MANUFACTURER: 
G.J. Nikolas & Co., Inc. 
2800 Washington Blvd. 
Bellwood, IL 60104 
Emergency telephone: 800-424-9300 
24 hours 
SECTION 2 - HAZARDS IDENTIFICATION 
NEPA Ratings, risks phrases and suggested HMIS Hazards Categories: 
GHS Ratings: 
Flammable liquid  2 Flash point < 23°C and initial boiling point > 35°C (95°F) 
Eye corrosive  2A Eye irritant: Subcategory 2A, Reversible in 21 days 
Reproductive toxin 
GHS Hazards 
 1B Presumed, Based on experimental animals 
H225 Flammable liquid and vapour 
H319 Causes serious eye irritation. 
H360 GHS 
Precautions 
May damage fertility or the unborn child. 
P201 Obtain special instructions before use. 
P202 Do not handle until all safety precautions have been read and understood. 
P210 KEEP AWAY FROM HEAT/sparks/open flames/hot surfaces - No smoking. 
P233 Keep container tightly closed. 
P240 Ground/bond container and receiving equipment. 
P241 Use explosion-proof electrical/ventilating/light/equipment. 
P242 Use only non-sparking tools. 
P243 Take precautionary measures against static discharge. 
P264 WASH HANDS THOROUGHLY after handling. 
P280 WEAR PROTECTIVE GLOVES/protective clothing/eye protection/face protection. 
P281 USE PERSONAL PROTECTIVE EQUIPMENT as required. 
P303+P361+P353 IF ON SKIN (or hair): Remove/Take off immediately all contaminated clothing. Rinse 
skin with water/shower. 
P305+P351+P338 IF IN EYES: Rinse continuously with water for several minutes. Remove contact 
lenses if present and easy to do - continue rinsing. 
P308+P313 IF exposed or concerned: Get medical advice/attention. 
P337+P313 If eye irritation persists: Get medical advice/attention. 
P370+P378 IN CASE OF FIRE: Use dry chemical (BC) or carbon dioxide (Co2) for extinction. 
P405 Store locked up. 
P403+P235 STORE IN A WELL VENTILATED PLACE. Keep cool. 





P501 Dispose of contents/container in accordance with Local, State and Federal 
Regulations. 
 
Signal Word: Danger 
 
SECTION 3 - COMPOSITION / INFORMATION ON INGREDIENTS 
Chemical Name  CAS number Weight Concentration % 
Benzene, 1-chloro-4-(trifluoromethyl)- 98-56-6 30.00% - 40.00% 
Acetone 67-64-1 10.00% - 20.00% 
Ethyl 3-ethoxypropanoate 763-69-9 5.00% - 10.00% 
Diisobutyl ketone 108-83-8 5.00% - 10.00% 
Glycidoxypropyltrimethoxysilane 2530-83-8 1.00% - 5.00% 
2-Heptanone, 4,6-dimethyl- 19549-80-5 1.00% - 5.00% 
2-(1-Methoxy) Proxy Acetate 108-65-6 1.00% - 5.00% 
SECTION 4 - FIRST AID MEASURES 
INHALATION:  Remove to FRESH air. If breathing is difficult, administer oxygen.  If not breathing, give artificial 
respiration, preferably mouthto-mouth.  GET MEDICAL ATTENTION IMMEDIATELY.  
EYE CONTACT:  Immediately flush eyes with plenty of water for at least 15 minutes while holding eyelids 
open.  Tilt head to avoid contaminating unaffected eye.  Get immediate medical attention.  Remove contact 
lenses if possible.  
SKIN CONTACT:  Flush skin with plenty of water while removing contaminated clothing and shoes.  Do not 
reuse clothing or shoes until cleaned.  If irritation develops or persists, get medical attention.  Discard 
contaminated leather articles such as shoes and belt.  Do not apply oils or ointments unless ordered by the 
physician.  
INGESTION:  If fully conscious, give two glasses of water, then induce vomiting by touching back of throat with 
finger.  Keep head below hips to prevent aspiration of liquid into the lungs.  CALL A PHYSICIAN immediately.  
Never induce vomiting or give anything by mouth to an unconscious victim.  
NOTE TO PHYSICIANS:  There is no specific antidote. Treatment of overexposure should be directed at the 
control of symptoms and the clinical condition of the patient.  Individuals experiancing breathing difficulties 
after exposure to vapor generated in aerosol applications should be observed for at least 48 hours in case 
delayed respiratory complications develop.  





SECTION 5 - FIRE FIGHTING MEASURES 
Flash Point:   -20 C (-4 F) 
LEL: 1.00 UEL:  
Flammable Limits: Highly flammable liquid and vapor (GHS Category 2) 
Extinguishing Media:  Alcohol Foam   CO2  Dry Chemical   Foam  Water Fog 
Unusual Fire and Explosion Hazards:  Keep containers tightly closed. Isolate from heat, sparks, and open 
flame. Closed containers may explode when exposed to extreme heat. Do not use when smoking or 
where electrical sparks or open flame is present. Haz. Combust. Products: Burning can produce carbon-
dioxide and/or carbon monoxide. 
Fire Fighting:  Water may be used to cool closed containers to prevent pressure build-up and possible 
autoignition or explosion when exposed to extreme heat. 
Fire Equipment: As in a fire, always wear self-contained breathing apparatus in pressure-demand 
(MSA/NIOSH approved or equivalent), and full protective gear.  
SECTION 6 - ACCIDENTAL RELEASE MEASURES 
SPILL AND LEAK PROCEDURES: 
Spill supervisor: Ensure cleanup personnel wear all appropriate Personal Protective Equipment (PPE), 
including respiratory protection. Remove all ignition sources. Keep nonesential personnel away from the 
contaminated area. 
Small Spills: Absorb spilled liquid with sorbent pads, socks, or other inert material sus as vermiculite, sand, or 
earth.  
Large Spills: Avoid run-off into storm sewers and ditches that lead to waterways.  Use only non-sparking tools 
and equipment. A vapor suppressing foam may be used.  Approach the spill from upwind and pick up 
absorbent material and place it in a suitable container. Disposal should be in accordance with Local, State, 
and Federal Regulations. 
SECTION 7 - HANDLING AND STORAGE 
HANDLING PRECAUTIONS: 
Wear all appropriate Personal Protective Equipment (PPE). Wear respiratory protection or ensure adequate 
ventilation at all times as vapors can accumulate in confined or poorly ventilated areas. Use the product in a 
manner which minimizes splashes and/or the creation of dust. Keep containers closed when not in use. Do not 
handle or store material near heat, sparks, open flames, or other sources of ignition. Store at room 
temperatures.i.e, 40 to 95 F (4 to 35 C). 
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE:  GROUNDING:  when transferring, fill stem 
and container must be grounded and bonded.  Store in a cool dry area with ventilation suitable for storing 
materials shown in section II. Keep away from heat, sparks and open flame.  Do not cut, weld, braze, solder, 
drill, grind or expose empty containers to heat, flame, sparks or other sources of ignition; they may explode 
and cause injury or death.  
       





SECTION 8 - EXPOSURE CONTROLS / PERSONAL PROTECTION 
Chemical Name / CAS 
No. 




Not Established Not Established 25 ppm - 8 hour 
Acetone 67-64-
1 
1000 ppm TWA; 2400 
mg/m3 TWA 
750 ppm STEL 
500 ppm TWA 
NIOSH: 250 ppm TWA; 
590 mg/m3 TWA 
Ethyl 3-ethoxypropanoate 
763-69-9 
Not Established Not Established Not Established 
Diisobutyl ketone 108-83-
8 
50 ppm TWA; 290 mg/m3  
TWA 
25 ppm TWA NIOSH: 25 ppm TWA; 




Not Established Not Established Not Established 
2-Heptanone, 4,6-dimethyl- 
19549-80-5 
Not Established Not Established Not Established 
2-(1-Methoxy) Proxy  
Acetate 
108-65-6 
Not Established Not Established Not Established 
ENGINEERING: Ensure processing (curing) ovens are properly vented to prevent the introduction of 
processing fumes into the work place. Use explosion proof equipment and good manufacturing practice. 
Sufficient ventilation, in volume and pattern, should be provided to keep air contamination below current 
applicable OSHA permissible exposure limit or ACGHI'S TLV limit. 
OTHER PRECAUTIONS:  Provide respiratory protection against fumes generated during burning.  Avoid 
prolonged contact with skin and breathing of vapors.  
PROTECTIVE GEAR:Niosh/Osha approved respirator types suitable for materials in section II recommended. 
Approved airline type respirators or hoods recommended in confined areas. Wear protective 
gloves/clothing/eye/face as required. CONTAMINATED GEAR:Take off immediately any contaminated 
clothing and wash it before reuse.  
 





SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES  
This mixture typically exhibits the following properties under normal circumstances: 
Appearance Liquid dispersion Odor Solvent 
Vapor Pressure: Not Applicable Odor threshold: Not Applicable 
Vapor Density Heavier than air pH: Not Applicable 
SG 1.11 Melting point: Not Applicable 
Freezing point: Not Applicable Solubility: Not Applicable 
Boiling range: 56°C Flash point: -20 C, -4 F 
Evaporation Rate Slower than ether Physical State Liquid 
Autoignition temperature: Not Applicable Decomposition temperature: Not Applicable 
Viscosity: Not Applicable Boiling Point 56°C 
VOC: Regulatory 376 gr/ltr VOC: Regulatory 3.14 lb/gl 
VOC: Actual 174 gr/ltr VOC: Actual 1.46 lb/gl 
SECTION 10 - STABILITY AND REACTIVITY  
Stability: 
STABLE 
Components of this mixture are incompatible with the 
following materials: No data found 
This mixture is likely to exhibit the following combustion products: 
No data found 
Hazardous polymerization will not occur. 
 
SECTION 11- TOXICOLOGICAL INFORMATION  
Mixture Toxicity  
Inhalation Toxicity LC50: 69mg/L  
Component Toxicity 
 98-56-6 Benzene, 1-chloro-4-(trifluoromethyl)- 
Oral LD50: 13 g/kg (Rat)  Inhalation LC50: 33 mg/L (Rat)   
 763-69-9 Ethyl 3-ethoxypropanoate 
Oral LD50: 3,200 mg/kg (Rat)   
Toxicological Information:  No data found 
ROUTES OF ENTRY:  Eye Contact, Ingestion, Inhalation, Skin Contact 
 Inhalation Skin Contact Eye Contact Ingestion 





Exposure to this material may affect  the following organs: 
Eyes Kidneys Liver Central Nervous System Skin Respiratory System 
Effects of Overexposure 
Carcenogenicity: 
The following chemicals comprise 0.1% or more of this mixture and are listed and / or classified as 
carcenogens or potentioal carcenogens by NTP, IARC, OSHA. 
 CAS Number Description % Weight Carcinogen Rating 
 None N/A 
SECTION 12 - ECOLOGICAL INFORMATION 
Ecological information: No data found. 
Component Ecotoxicity 
Benzene, 1-chloro-4- 48 Hr EC50 Daphnia magna: 3.68 mg/L 
(trifluoromethyl)- 
Acetone 96 Hr LC50 Oncorhynchus mykiss: 4.74 - 6.33 mL/L; 96 Hr LC50 Pimephales 
promelas: 6210 - 8120 mg/L [static]; 96 Hr LC50 Lepomis macrochirus: 8300 
mg/L 
48 Hr EC50 Daphnia magna: 10294 - 17704 mg/L [Static]; 48 Hr EC50 Daphnia 
magna: 12600 - 12700 mg/L 
Ethyl 3-ethoxypropanoate 96 Hr LC50 Pimephales promelas: 62 mg/L [static] 
48 Hr EC50 Daphnia magna: 970 mg/L 
Diisobutyl ketone 96 Hr LC50 Oncorhynchus mykiss: 140 mg/L [semi-static] 
96 Hr EC50 Pseudokirchneriella subcapitata: 100 mg/L 
2-(1-Methoxy) Proxy Acetate 96 Hr LC50 Pimephales promelas: 161 mg/L [static] 
48 Hr EC50 Daphnia magna: >500 mg/L 
SECTION 13 - DISPOSAL CONSIDERATIONS 
Material that cannot be saved for recovery or recycling should be managed in an appropriate and approved 
waste facility. State and local disposal regulations may differ from federal disposal definitions found in 40 CFR 
261.3. Dispose of container and unsued contents in accordance with federal, state and local requirements. 
SECTION 14 - TRANSPORT INFORMATION  
This material is classified for transport as follows: 
Agency Proper Shipping Name UN Number Packing Group 
Hazard 
Class 
DOT UN1263,PAINT 1263 II 3 
IATA UN1263,PAINT 1263 II 3 





IMDG UN1263,PAINT 1263 II 3 
SECTION 15 - REGULATORY INFORMATION  
Additional regulatory listings, where applicable. 
State of California Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65): WARNING! This 
product contains the following chemicals which are listed by the State of California as carcinogenic or a reproductive 
toxin: - None 
This product contains the following substances subject to the reporting requirements of Section 313 of Title II of the 
Superfund Amendments and Reauthorization Act of 1986 and CFR Partr 40 - None 
Country Regulation All Components Listed 
EU Risk Phrases R10: 
Flammable 
Safety Phrase 
S16: Keep away from sources of ignition - No smoking 
SECTION 16 - OTHER INFORMATION 
Hazardous Material Information System (HMIS)
 National Fire Protection Association (NFPA) Flammability 
HMIS & NFPA Hazard Rating  
Legend 
*  = Chronic Health Hazard 
HealthInstability 
0 = INSIGNIFICANT 
1 = SLIGHT 
2 = MODERATE 
3 = HIGH Special 
The information contained on this SDS has been checked and should be accurate. However, it is the 
responsability of the user to comply with all Federal, State, and Local laws and regulations. 
Reviewer Revision   













Incralac by StanChem (formulation 69x1732) 
Description: 
StanChem 69Xl 732 Incralac represents a modern breakthrough in clear, air-dry coatings for copper base alloys. 
In an extensive research program initiated by the International Copper Research Assoc. (INCRA), Incralac was 
found to provide the best protection for copper and brass of all air-dry coatings tested. Formulated from a blend 
of acrylic resins, Incralac also contains a UV absorber and a chelating agent to prevent under-film. 
Advantages: 
 *Easy to apply *Weather resistant 
Product Data: 
*Fast Curing  
Type: Thermoplastic Acrylic 
Substrates: 
Copper or copper based 
alloys. 
Solids: 15% +/- 1% Recomm. For maximum corrosion 
Weight/gal: 7.5 lbs/gal +/- 0.1 film resistance 1.0-1.5 mils dry 
  thickness: applied in multiple coats of 
0.3- 
Viscosity: 30-60 sec Z4 @ 770F  0.5 mils per coat. 
Color: Clear Theoretical 150 ft2/gal. @ 1.0 mils, but 
Gloss: Very high. If desired a 
Coverage: varies depending on 
overspray, 
 flattening agent (Stan Chem  etc. 
 71>0202) can be added to Recoating: After removal of accumulated 
 reduce gloss. Do not use over  surface dust and grime, 
reapply 
 25% flattening agent.  Incralac. 
Hardness: Pencil 2H Flashpoint: 40-500F (tag open cup) 
Application: Spray or Dip Shelf Life: Stable up to two years from 
date 
Reduction: None. If desired can be reduced 
 of manufacture if kept in 
tightly 
 
up to 2:1 with Stan Chem 
 closed containers between 
40- 
 79X0010  900F. 
Curing: Air dry to handle within 15 
minutes, but needs 2-3 days 
voc: 4.35 lbs/gal. 522 G/L 





*Air Dry * by INCRA *Corrosion resistant 
 
minimum before exposure (7 
days recommended) 
 






 330 Morgan Ave Brooklyn, NY 1211 1 212-219-0770 info@talasonline.com 
Safety 
Solvent based Incralac contains flammable solvents. Never apply material near an open flame or excessive heat. Proper 
ventilation should be provided especially in enclosed areas. Avoid prolonged breathing of vapor, and repeated contact 
with skin. For safety information on Incralac please request a Materials Safety Data Sheet (MSDS). 
Warranty 
Seller warranties that this product will meet the specifications which it sets forth. Sellers responsibility under this 
warranty will be limited solely to replacing the product which prove defective, provided that buyer gives seller prompt 
notice in writing of said defect. Products may be returned to seller only after written authorization has been obtained from 
seller. The foregoing warranty is in lieu of all other warranties, whether oral, written, expressed, or implied. IMPLIED 
WARRANTIES OR MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PURPOSE WILL NOT APPLY. 
Technical or other advice is furnished by us solely as an accommodation and shall not increase the scope of our 
responsibilities or liability. Seller's warranty obligations and buyers remedies hereunder are solely and exclusively as 
stated herein: In the event that the seller be liable either for the labor and other associated costs incurred in replacing the 
product, including but not limited to, the removal and application, or for other incidental or consequential damages.





#11565 OD (outdoor) is an air dry lacquer designed for field repair of exterior brass and bronze as well as a 
variety of other applications. It’s supplied ready for use and is easy to apply and reverse. It has excellent 
adhesion to brass, bronze, copper and silver plate. #11565 OD does not require thinning, allowing the operator 
to focus on getting uniform results. Because of its excellent flowing capabilities, orange peel is virtually 
eliminated. 




∗ Excellent flow out 
∗ Mar resistant 
∗ UV and weather resistant 
∗ Ready for use 
Lab Results 
∗ Ease of 
application 
∗ Repairable and 
reversible 


























Weight per gallon: 




















Overnight or upon 
cooling if forced 
dried Flash off 10 
minutes, bake 20 
minutes at 
140-200o F 






Suggested Uses: Areas where #11565 OD will find use are exterior brass and bronze refinishing, signage, 
statuary, silver plate, post engraving, marine hardware and exterior lighting. 
DOT SPECIFICATIONS: 
PAINT, 3, Flammable Liquid UN1263, PGII 
G. J. Nikolas & Co., Inc. 
Innovative Solutions in Industrial 
Coatings 





11565 OD Lacquer RFU 
 
Directions for Use: Preparation 
 
#11565 OD is designed to work over 
marginally clean substrates; 
however, best long term results will 
be on a chemically clean surface. 
Vapor degrease or solvent wash 
with #11645 Cleaning Thinner. 
Where this isn’t practical, a final wipe 
with a clean dry cloth prior to coating 
will remove dust and loose compound. 
Directions for Use: Application 
RECOMMENDED FILM 
THICKNESS: 
Wet: 2-3 mils  
Dry: .5-1.0 mils 
#11565 OD can be sprayed, dipped or used in a centrifugal machine. No 
reduction is required for any of these methods. Before applying make sure 
that the metal has been chemically cleaned and degreased. 
Spray: Use 40-50 psi. Cover piece with one coat making sure not to produce 
a misty or dry spray appearance. Allow to set-up for approximately 50 
seconds. Then make a second pass, preferably at right angles to the first 
coat. 
Dip & Centrifuge: Use the #11565 OD the same as any air-dry lacquer, 
remembering that initial reduction is not required. The addition of make-up 
thinner may be necessary to allow for solvent lost due to evaporation. Use 
Special #2105 Thinner for this and maintain a viscosity of 16.5-18 seconds 
in a #2 Zahn cup. 
Curing: With all applications allow #11565 to air dry at least 30 minutes 
before handling and overnight before packing. The drying process can be 
accelerated with an oven by force drying at 120-140o F for 10-30 minutes. 
Dense castings will require a longer force dry than thin-wall stampings. 
Product may be packed after cooling. Products finished with #11565 OD can 
be successfully engraved.  
Protective Equipment 
 





 Eyes: Safety glasses 
 Skin: Neoprene rubber gloves 
 Respiratory:NIOSH approved respirator for organic vapor. 
 In case of fire:Use foam, dry chemical, CO2, water or spray fog. 
 Grounding: When transferring, fill stem and container must be grounded and 
bonded. 
 
11565 OD Lacquer RFU 
Safety 
Keep away from heat, sparks, and 
flames. USE WITH ADEQUATE 
VENTILATION. 
Avoid prolonged or repeated 
contact with skin. Avoid prolonged 
breathing of vapor or spray mist. 
Do not take internally. KEEP OUT 
OF THE REACH OF CHILDREN. 
Before smoking or eating and after 
using, cleanse hands thoroughly. 
Keep container closed when not in 
use. 
Effects of Overexposure: Prolonged use may cause mild 
irritation to eyes. 
Skin Contact: Can cause irritation, may be absorbed through 
the skin and cause defatting. 
Inhalation: 
May cause respiratory irritation, dizziness and drowsiness. 
G. J. Nikolas & Co., Inc. Innovative Solutions in Industrial Coatings 
CONSULT MSDS PRIOR TO HANDLING. 





These suggestions and data are based on information we believe to be reliable. They are offered in good faith, 
but without guarantee, as conditions and methods of use of our products are beyond our control. We 
recommend that the prospective user determine the suitability of our materials and suggestions before 
adopting them on a commercial scale. 





#9778 Uralac is a catalyzed clear exterior coating designed to provide optimum durability and appearance in 
an air dry coating. Originally produced for gold-plated automotive trim, #9778 Uralac has found wide 
acceptance ranging from exterior brass lighting to silver-plated fishing lures.  #9778 Uralac will provide 
lacquer-like dry time and good initial hardness.  Pot life ranges from 8 to 24 hours. These qualities make it 
ideal for production 




∗ Superior flow out and appearance. 
∗ Air dry or low bake. 
∗ Formaldehyde free. 
∗Good UV protection, non-yellowing. 
Lab Results 
∗ Ease of 
application. 
∗ Excellent chemical and salt 
spray resistance. 

























Weight per gallon: 








8.23  lbs. 
47.78 / 33.17% 
One year 








Overnight or upon 
cooling if forced 
dried Flash off 10 
minutes, bake 20 
minutes at 
140-200o F 






work, work in dusty environments, and where a quick dry time is needed. 
Suggested Uses: #9778 Uralac is an excel- 
lent choice for statuary, exterior lighting, exterior hardware, automotive trim, exterior signage, and sporting 
goods. 
DOT SPECIFICATIONS: 
PAINT, 3, Flammable Liquid UN1263, PGII 
G. J. Nikolas & Co., Inc. 
Innovative Solutions in Industrial 
Coatings 





9778 EXTERIOR URALAC 
 
Directions for Use: Preparation 
 
Surface to be coated must be clean, 
dry and free of oil or grease.  Brass, 
bronze, or copper should be 
chemically cleaned with #70 
Cleaning Thinner or vapor degrease 
prior to coating.  Stainless steel and 
aluminum should be phosphatized 
or primed.  #6574 Clear Epoxy 
Primer is well suited for this. 
Apply one double wet coat and allow to dry 
Directions for Use: Application 
30 minutes before topcoating. 
RECOMMENDED FILM 
THICKNESS: 
Wet: 3-4 mils  
Dry: .5-1.0 mils 
Mix eight parts of #9778 Uralac with one part Urethane Part B.  Mixture can 
be thinned with #9413 Thinner in a ratio varying from 1:1 to 2:1 Thinner to 
Uralac.  The amount of thinner used will depend on the spray equipment and 
the number of coats to be applied.  Generally, pressure feed guns require 
less thinner than suction feed guns, and single coats require less reduction 
than multiple coats.  Apply one double wet coat.  #9778 Uralac builds quickly, 
so if more depth is required allow 5 -10 minutes flash-off before applying 
further coats.  After a 15 minute flash off, coated parts may be forced dried at 
110-150 degrees F for 10 to 30 minutes. Parts may be packed immediately 
after cooling.  If parts are to be air dried, allow to stand overnight before 
packing. 
Spray: Use 40-50 psi. Cover piece with one coat making sure not to produce 
a misty or dry spray appearance.  Apply one double wet coat.  #9778 Uralac 
builds quickly, so if more depth is required allow 5-10 minutes flash-off before 
applying further coats. 
Dip & Centrifuge: #9778 Uralac is not recommended for dip or centrifugal 
applications. 
Curing: After a 15-minute flash off, coated parts may be forced dried at 110-
150 degrees F for 10 to 30 minutes.  Parts may be packed immediately after 
cooling.  If parts are to be air dried, allow to stand overnight before packing.at 





120-140o F for 10-30 minutes. Dense castings will require a longer force dry 
than thin-wall stampings. Product may be packed after cooling. 
Protective Equipment 
 
 Eyes: Safety glasses 
 Skin: Neoprene rubber gloves 
 Respiratory:NIOSH approved respirator for organic vapor. 
 In case of fire:Use foam, dry chemical, CO2, water or spray fog. 
Grounding: When transferring, fill stem and container must be grounded 
and bonded. CONSULT MSDS PRIOR TO HANDLING. 
G. J. Nikolas & Co., Inc. Innovative Solutions in Industrial Coatings 
9778 EXTERIOR URALAC 
 
Precautions 
Supplied air respirators are recommended for long term exposure.  
Production equipment must be cleaned daily to prevent build up and fouling 
from hardened coating.  Only mix as much material as will be used in any 
eight hour shift.  If used over uncatalyzed base coats, lifting may occur when 
applying a second cat the following day or when doing touch up work. 
Safety 
Keep away from heat, sparks, and 
flames. USE WITH ADEQUATE 
VENTILATION. 
Avoid prolonged or repeated 
contact with skin. Avoid prolonged 
breathing of vapor or spray mist. 
Do not take internally. KEEP OUT 
OF THE REACH OF CHILDREN. 
Before smoking or eating and 
after using, cleanse hands 
thoroughly. Keep container closed 






















irritation to eyes. 
 
Skin Contact: Can cause irritation, may be absorbed through 
the skin and cause defatting. 
Inhalation: 
May cause respiratory irritation, dizziness and drowsiness. 





These suggestions and data are based on information we believe to be reliable. They are offered in good faith, 
but without guarantee, as conditions and methods of use of our products are beyond our control. We 
recommend that the prospective user determine the suitability of our materials and suggestions before 















#14783 Clear Tag-Kill Part - A is a 
2K low VOC solvent base 
flurocarbon urethane coating 
designed to provide optimum 
durability and appearance in an air 
dry coating.  This coating complies 
with California’s South Coast Air 
Quality Standards, as it is 2.8 
lbs/gal VOC when mixed.  #14783 
produces a permanent non stick 
surface. This feature allows easy 
removal of Aerosol Paint Graffiti 
and is also self cleaning. The 
nonstick surfaces sheds airborne dirt 
and pollution so the finished surface 
always looks fresh and clean. 
Suggested Uses: #14783 Clear 
Tag-Kill is an excellent choice for 
exterior Architectural curtain walls, 
lighting, hardware, and signage. 
Other uses include exterior metal art 
preservation and automotive mag 
wheels. 
DOT SPECIFICATIONS: PAINT, 3, 
Flammable Liquid, UN1263, PGII 
Lab Results 
∗ Easy removal of Aerosol Paint 
Graffiti * Self cleaning. 
* Superior flow out and appearance. 
∗ Air dry or low bake. 
∗ Formaldehyde free. 
∗Good UV protection, non-yellowing. 
∗ Ease of application. 
∗ Excellent chemical and salt spray 
resistance. 


























Weight per gallon: 




VOC lb/gal gm/ltr: 
Flurocarbon/Urethane 
Full to Flat 
1.11 
9.9  lbs. 
24.5 / 29.9 
One year 
336 sq. ft. sq. ft. 








Overnight or upon 
cooling if forced 
dried Flash off 10 
minutes, bake 20 
minutes at 
140-300o F 
G. J. Nikolas & Co., Inc. 
Innovative Solutions in Industrial 
Coatings 
#14783 Clear Tag-Kill 
 
Directions for Use: Preparation  
Surface to be coated must be clean, 
dry and free of oil or grease.  Brass, 
bronze, or copper should be chemically 
cleaned with 
Acetone or vapor degrease prior to 
coating. Stainless steel and aluminum 
should be phosphatized or primed. 
Plastics must be free of mold release 
agents and blown clean with 
deionized air prior to coating.   
Directions for Use: Application 
RECOMMENDED FILM 
THICKNESS: 
Wet: 3-4 mils  
Dry: .5-1.0 mils 
Mixing: Mix eight parts of #14783 Clear Tag-Kill Part - A with one part 
#14677 Part - B. This mixture can applied as is, or thinned with up to 5 
parts of reducer. If a thinner mixture is desired, use #11636 Exempt Reducer 
or Acetone  #11636 and Acetone are VOC exempt reducers, therefore the VOC 
of the coating will not be effected by their addition.  If conventional thinner is 
used, the VOC will be altered, and the coating will no longer be classified as 
exempt. If a non exempt thinner is used, insure that it is Urethane Grade. Non 
Urethane Grade Thinner will compromise the coatings properties. 
Primer: #14783 Clear adheres well to unprimed satin finished metal. For mirror 
finished metal a clear primer such as #6574 Epoxy Primer or #12666 Clear OD 
Lacquer will improve adhesion. If there is a possibility that the coating will need 




to be reversed in the future without the use of Methylene Chloride Stripper, 
priming with the  
 
above will make it easier to reverse with solvent strippers such as #11645 Clean 
Cut or Acetone. 
Spray: Use 40-50 psi. Cover piece with one double wet coat, making sure not to 
produce a misty or dry spray appearance.   #14783 Clear builds quickly, so if 
more depth is required allow 1-2 minutes flash-off before applying further coats. 
Curing: After a 15 minute flash off, coated parts may be forced dried at 140-300 
degrees F for 10 to 30 minutes.  Dense castings will require a longer force dry 
than thin wall stampings. Parts may be packed immediately after cooling.  If 
parts are to be air dried, allow to stand at least 24 hours before packing. 
Re-coating: #14783 produces a non-stick surface when dry. Extra care must be 
taken to thoroughly abrade all of the coatings surface prior to applying another 
coat. Failure to do this will result in the fresh coat to de-laminate from the 
original coat, causing early failure. 
Protective Equipment 
 
 Eyes: Safety glasses 
 Skin: Neoprene rubber gloves 
 Respiratory:NIOSH approved respirator for organic vapor. 
For long term exposure, use Supplied Air 
Respirator In case of fire: Use foam, dry chemical, CO2, 
water or spray fog. 
Grounding: When transferring, fill stem and container must be grounded and 
bonded. CONSULT MSDS PRIOR TO HANDLING. 
G. J. Nikolas & Co., Inc. Innovative Solutions in Industrial Coatings 
#14783 Clear Tag-Kill  
 
Precautions 
Supplied air respirators are recommended for long term exposure.  Production 
equipment must be cleaned daily to prevent build up and fouling from hardened 
coating.  Only mix as much material as will be used in any eight hour shift.  If 
used over uncatalyzed base coats, lifting may occur when applying a second 
coat the following day or when doing touch up. 
Re-coating: #14739 produces a non stick surface when dry. Extra care must 
be taken to thoroughly abrade all of the coatings surface prior to applying 




another coat. Failure to do this will result in the fresh coat to de-laminate from 
the original coat and cause early failure. 
 
 
Keep away from heat, sparks, and 
flames. USE WITH ADEQUATE 
VENTILATION. 
Avoid prolonged or repeated contact 
with skin. Avoid prolonged breathing 
of vapor or spray mist. Do not take 
internally. KEEP OUT OF THE 
REACH OF CHILDREN. 
Before smoking or eating and after 
using, cleanse hands thoroughly. Keep 
container closed when not in use. 
Skin Contact: 
Can cause irritation, may be 
absorbed through the skin and 
cause defatting. 
Inhalation: 
May cause respiratory irritation, 
dizziness and drowsiness. 
Effects of Overexposure: 
Prolonged use may cause mild 
irritation to eyes. 
These suggestions and data are based on information we believe to be reliable. 
They are offered in good faith, but without guarantee, as conditions and 
methods of use of our products are beyond our control. We recommend that the 
prospective user determine the suitability of our materials and suggestions 
before adopting them on a commercial scale.
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 Designation: D4587 – 11 
Standard Practice for 
Fluorescent UV-Condensation Exposures of Paint and Related Coatings52 
                                               
52 This practice is under the jurisdiction of ASTM Committee D01 on Paint and Related Coatings, Materials, and Applications and is the direct responsibility of Subcommittee 
D01.27 on Accelerated Testing. 
Current edition approved June 1, 2011. Published August 2011. Originally approved in 1986. Last previous edition approved in 2005 as D4587 – 05. DOI: 10.1520/D4587-11. 





1.1 This practice covers the selection of test 
conditions for accelerated exposure testing of 
coatings and related products in fluorescent UV 
and condensation devices conducted according to 
Practices G151 and G154. This practice also 
covers the preparation of test specimens, and the 
evaluation of test results. Table 1 describes 
commonly used test conditions. 
NOTE 1—Previous versions of this practice referenced 
fluorescent UV devices described by Practice G53, which 
described very specific equipment designs. Practice G53 has been 
withdrawn and replaced by Practice G151, which describes 
performance criteria for all exposure devices that use laboratory 
light sources, and by Practice G154, which gives requirements for 
exposing nonmetallic materials in fluorescent UV devices. 
NOTE 2—ISO 11507:1997 also describes fluorescent UV-
condensation exposures of paints and coatings. 
1.2 The values stated in SI units are to be 
regarded as the standard. The values given in 
parentheses are for information only. 
1.3 This standard does not purport to address all of 
the safety problems associated with its use. It is the 
responsibility of the user of this standard to establish 
appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use. 
2. Referenced Documents 
2.1 ASTM Standards:53 
D358 Specification for Wood to Be Used as 
Panels in Weathering Tests of Coatings 
(Withdrawn 2014)54 
D523 Test Method for Specular Gloss 
D609 Practice for Preparation of Cold-Rolled 
Steel Panels for Testing Paint, Varnish, 
Conversion Coatings, and 
Related Coating Products 
D610 Practice for Evaluating Degree of Rusting on 
Painted Steel Surfaces 
D659 Method for Evaluating Degree of Chalking of 
Exterior Paints (Withdrawn 1990)3 
                                               
53 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page 
on the ASTM website. 
D660 Test Method for Evaluating Degree of 
Checking of 
Exterior Paints 
D662 Test Method for Evaluating Degree of 
Erosion of 
Exterior Paints 
D714 Test Method for Evaluating Degree of 
Blistering of 
Paints 
D772 Test Method for Evaluating Degree of 
Flaking (Scaling) of Exterior Paints 
D823 Practices for Producing Films of Uniform 
Thickness of Paint, Varnish, and Related 
Products on Test Panels 
D1005 Test Method for Measurement of Dry-Film 
Thickness of Organic Coatings Using 
Micrometers 
D1186 Test Methods for Nondestructive 
Measurement of Dry Film Thickness of 
Nonmagnetic Coatings Applied to a Ferrous 
Base (Withdrawn 2006)3 
D1400 Test Method for Nondestructive 
Measurement of Dry Film Thickness of 
Nonconductive Coatings Applied to a 
Nonferrous Metal Base (Withdrawn 2006)3 
D1729 Practice for Visual Appraisal of Colors and 
Color Differences of Diffusely-Illuminated 
Opaque Materials 
D1730 Practices for Preparation of Aluminum and 
Aluminum-Alloy Surfaces for Painting 
D2244 Practice for Calculation of Color 
Tolerances and Color Differences from 
Instrumentally Measured Color Coordinates 
D2616 Test Method for Evaluation of Visual Color 
Difference With a Gray Scale 
D3359 Test Methods for Measuring Adhesion by 
Tape Test 
54 The last approved version of this historical standard is referenced on 
www.astm.org. 




D3980 Practice for Interlaboratory Testing of Paint 
and Related Materials (Withdrawn 1998)3 
D4214 Test Methods for Evaluating the Degree of 
Chalking of Exterior Paint Films 
D5870 Practice for Calculating Property Retention 
Index of 
Plastics 
E691 Practice for Conducting an Interlaboratory 
Study to 
Determine the Precision of a Test Method 
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States 
1 
TABLE 1 Test Cycles Commonly Used for Fluorescent UV–Condensation Exposure Testing of Paints and Related CoatingsA 
Cycle Number Cycle Description 
340 nm 
IrradianceB,C Black Panel Temperature
D Typical UsesE 
1 8 h UV 




70 ± 2.5ºC (158 ± 5ºF) 
50 ± 2. ºC (122 ± 5ºF) 
Automotive coatingsF 
2 4 h UV 




60 ± 2.5 (140 ± 5ºF) 
50 ± 2.5 (122 ± 5ºF) 
Industrial maintenance coatingsG 
3 4 h UV 




60 ± 2.5 (140 ± 5ºF) 
50 ± 2.5 (122 ± 5ºF) 
Exterior wood coatings 
4 8 h UV 




60 ± 2.5 (140 ± 5ºF) 
50 ± 2.5 (122 ± 5ºF) 
General metal coatings 
A The cycles described are not listed in any order indicating importance, and are not necessarily recommended for the applications listed. Additional exposure cycles are 
described in Practice G154. B The irradiance set point given is typical for devices operated without irradiance control. Other irradiance levels may be used, but must be 
described in the report. C Previous editions of Practice D4587 contained non-mandatory irradiance set points in Table 1 that were commonly used in the industry. The 
previous set points were 0.72 and 0.77 W/(m2 · nm) at 340 nm for UVA 340 lamps. The measurement data used to establish these set points was inaccurate, due to an 
error in calibration on the part of one manufacturer. It has been found that, for most users, the actual irradiance when running at the previous set points was 11 to 15 % 
higher than the indicated set point. The set points shown in this edition of D4587 do not change the actual irradiances that have been historically used by these users. 
However, for users of equipment made by another manufacturer, the irradiance control system did not have the measurement inaccuracies described above, so running 
at the new set points will represent a change in the actual irradiance of the test. If in doubt, users should consult the manufacturer of their device for clarification. D 
Temperature is at equilibrium for either an uninsulated or insulated black panel, although the response of the insulated black panel might be slower than that for the 
uninsulated black panel. Refer to Practice G151 for more information about the construction and differences between uninsulated and insulated black panels. E Typical 
uses do not imply that results from exposures of these materials according to the cycle described will correlate to those from actual use conditions. F SAE J2020 
describes the test used in many automotive specifications and requires use of a FS40 fluorescent UVB lamp. G Historical convention has established this as a very 
commonly used test cycle. This cycle may not adequately simulate the effects of outdoor exposure. 
E1347 Test Method for Color and Color-
Difference Measurement by Tristimulus 
Colorimetry 
G53 Practice for Operating Light-and Water-
Exposure Apparatus (Fluorescent UV-
Condensation Type) for Exposure of 
Nonmetallic Materials (Withdrawn 2000)3 
G113 Terminology Relating to Natural and 
Artificial Weathering Tests of Nonmetallic 
Materials 
G141 Guide for Addressing Variability in 
Exposure Testing of Nonmetallic Materials 
G147 Practice for Conditioning and Handling of 
Nonmetallic Materials for Natural and Artificial 
Weathering Tests 
                                               
55 Available from International Organization for Standardization (ISO), 1, ch. 
de la Voie-Creuse, Case postale 56, CH-1211, Geneva 20, Switzerland, http:// 
www.iso.ch. 
G151 Practice for Exposing Nonmetallic 
Materials in Accelerated Test Devices that Use 
Laboratory Light Sources 
G154 Practice for Operating Fluorescent 
Ultraviolet (UV) 
Lamp Apparatus for Exposure of Nonmetallic 
Materials 
G169 Guide for Application of Basic Statistical 
Methods to 
Weathering Tests 
2.2 ISO Standard:55 
ISO 11507:1997 Paints and Varnishes—
Exposure of Coatings to Artificial Weathering—
Exposure to Fluorescent UV and Water 
2.3 SAE Standard:56 
56 Available from SAE International (SAE), 400 Commonwealth Dr., 
Warrendale, PA 15096-0001, http://aerospace.sae.org. 




SAE J2020 Accelerated Exposure of Automotive 
Exterior Materials Using a Fluorescent UV 
Condensation Apparatus 
3. Terminology 
3.1 The definitions given in Terminology G113 are 
applicable to this practice. 
4. Significance and Use 
4.1 The ability of a paint or coating to resist 
deterioration of its physical and optical properties 
caused by exposure to light, heat, and water can be 
very significant for many applications. This practice 
is intended to induce property changes associated 
with end-use conditions, including the effects of 
sunlight, moisture, and heat. The exposure used in 
this practice is not intended to simulate the 
deterioration caused by localized weather 
phenomena such as atmospheric pollution, 
biological attack, and saltwater exposure. 
4.2 Cautions—Variation in results may be expected 
when different operating conditions are used. 
Therefore, no reference to the use of this practice 
shall be made unless accompanied by a report 
prepared according to Section 10 that describes the 
specific operating conditions used. Refer to 
Practice G151 for detailed information on the 
caveats applicable to use of results obtained 
according to this practice. 
NOTE 3—Additional information on sources of variability and on 
strategies for addressing variability in the design, execution and 
data analysis of laboratory accelerated exposure tests is found in 
Guide G141. 
4.2.1 The spectral power distribution of light from 
fluorescent UV lamps is significantly different from 
                                               
57 Fischer, R., “Results of Round Robin Studies of Light- and Water-Exposure 
Standard Practices,” Accelerated and Outdoor Durability Testing of Organic 
Materials, ASTM STP 1202, ASTM, 1993. 
that produced in light and water exposure devices 
using other light sources. The type and rate of 
degradation and the performance rankings 
produced in exposures to fluorescent UV lamps can 
be much different from those produced by 
exposures to other types of laboratory light 
sources. 
4.2.2 Interlaboratory comparisons are valid only 
when all materials or to a control.57,58 Therefore, 
exposure of a similar material of known 
performance (a control) at the same time as the 
test materials is strongly recommended. It is 
recommended that at least three replicates of each 
material be exposed to allow for statistical 
evaluation of results. 
4.4 Test results will depend upon the care that is 
taken to operate the equipment according to 
Practice G154. Significant factors include regulation 
of line voltage, temperature of the room in which 
the device operates, temperature control, and 
condition and age of the lamps. 
4.5 All references to exposures in accordance with 
this practice must include a complete description of 
the test cycle used. 
5. Apparatus 
5.1 Use of fluorescent UV apparatus that conform 
to the requirements defined in Practices G151 and 
G154 is required to conform to this practice. 
NOTE 4—A fluorescent UV apparatus that complied with Practice 
G53 also complies with Practice G154. 
5.2 Unless otherwise specified, the spectral power 
distribution of the fluorescent UV lamp shall 
58 Ketola, W., and Fischer, R., “Characterization and Use of Reference Materials 
inAccelerated Durability Tests,” VAMAS Technical Report No. 30, NIST, June 1997. 
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 laboratories use the same design of fluorescent UV device, lamp, and exposure conditions. 
4.3 Reproducibility of test results between 
laboratories has been shown to be good when the 
stability of materials is evaluated in terms of 
performance ranking compared to other 




conform to the requirements in Practice G154 for a 
UVA 340 lamp. 
NOTE 5—Fluorescent UV exposures described in SAE J2020 for 
automotive applications call for use of fluorescent UVB lamps. 
5.3 Test Chamber Location: 
5.3.1 Locate the apparatus in an area maintained 
between 18 and 27°C (65 and 80°F). Measure 
ambient temperature at a maximum distance of 150 
mm (6 in.) from the plane door of the apparatus. 
Control of ambient temperature is particularly 
critical when one apparatus is stacked above 
another, because the heat generated from the 
lower unit can interfere with the operation of the 
units above. 
5.3.2 Place the apparatus at least 300 mm (12 in.) 
from walls or other apparatus. Do not place the 
apparatus near a heat source such as an oven. 
5.3.3 Ventilate the room in which the apparatus is 
located to remove heat and moisture. 
6. Hazards 
6.1 Warning—In addition to other precautions, 
never look directly at the fluorescent UV lamp 
because UV radiation can damage the eye. Turn 
the device off before removing panels for 
inspection. 
7. Test Specimens 
7.1 Apply the coating to flat (plane) panels with the 
substrate, method of preparation, method of 
application, coating system, film thickness, and 
method of drying consistent with the anticipated 
end use, or as mutually agreed upon between the 
producer and user. 
7.2 Panel specifications and methods of 
preparation include but are not limited to Practices 
D609, D1730, or Specification D358. Select panel 
sizes suitable for use with the exposure apparatus. 
7.2.1 For specimens coated on insulating materials, 
such as foams, quickly check the specimens during 
the condensation period to verify that visible 
condensation is occurring on the specimens. 
Perform this visual check once per week at least 
one hour after the start of condensation. 
NOTE 6—If condensation is not occurring, the most likely cause 
involves inadequate room-air cooling; (1) the laboratory 
temperature is too high; (2) condensation temperature is set too 
low, or too close to room temperature; (3) thick specimens of 
insulating material may be preventing the room-air cooling 
necessary for condensation. For example, a 25 mm thick wood 
specimen may exhibit poor condensation with a condensation set 
point of 40°C and a lab temperature of 30°C; or (4) improper 
specimen mounting is allowing vapor to escape from the chamber. 
7.3 Coat test panels in accordance with Practices 
D823, then measure the film thickness in 
accordance with an appropriate procedure selected 
from Test Methods D1005, D1186, or D1400. 
Nondestructive methods are preferred because 
panels so measured need not be repaired. 
7.4 Prior to exposing coated panels in the 
apparatus, condition them at 23 6 2°C (73 6 3°F) 
and 50 6 5 % relative humidity for one of the 
following periods in accordance with the type of 
coating: 
Baked coatings 24 h 
Radiation-cured coatings 24 h 
All other coatings 7 days 
7.4.1 Other procedures for preparation of test 
specimens may be used if agreed upon by all 
interested parties. 
7.5 Mount specimens in holders so that only the 
minimum specimen area required for support by the 
holder is covered. Do not use this covered area of 
the specimen as part of the test area. 
7.6 Unless otherwise specified, expose at least 
three replicate specimens of each test and control 
material. 
7.7 Follow the procedures described in Practice 
G147 for identification and conditioning and 
handling of specimens of test, control, and 
reference materials prior to, during, and after 
exposure. 
7.8 Do not mask the face of a specimen for the 
purpose of showing on one panel the effects of 
various exposure times. Misleading results may be 
obtained by this method, since the masked portion 
of the specimen is still exposed to temperature and 
humidity cycles that in many cases will affect 
results. 




7.9 Retain a supply of unexposed file specimens of 
all materials evaluated. 
7.9.1 When destructive tests are run, it is 
recommended that a sufficient number of file 
specimens be retained so that the property of 
interest can be determined on unexposed file 
Nondestructive instrumental measurements are recommended 
whenever possible. 
7.10 Specimens should not ordinarily be removed 
from the exposure apparatus for more than 24 h, 
then returned for additional tests, since this may not 
produce the same results on all materials as tests 
run without this type of interruption. When 
specimens are removed from the exposure 
apparatus for 24 h or more, then returned for 
additional exposure, report the elapsed time as 
noted under Section 10. 
8. Procedure 
8.1 Table 1 lists several exposure cycles that are 
used for fluorescent UV exposures of nonmetallic 
materials. Obtain agreement between all concerned 
parties for the specific exposure cycle used. 
Additional intervals and periods of condensation 
may be substituted upon agreement among the 
concerned parties. 
NOTE 8—Each setpoint and its tolerances found in Table 1 
represent an operational control point for equilibrium conditions at 
a single location in the cabinet, which may not necessarily 
represent the uniformity of those conditions throughout the cabinet. 
ASTM Committee G03 is working to refine these tolerances and 
address the uniformity issue. 
8.2 If no other cycle is specified, use Cycle 2. 
8.3 Mount test specimens in the device following 
the placement and specimen repositioning 
procedures described in Practice G154. 
8.3.1 Fill any empty spaces in the exposure area 
with blank nonrusting panels. Seal any holes in 
specimens larger than 2 mm (0.08 in.) and any 
openings larger than 1 mm (0.04 in.) around 
irregularly shaped specimens to prevent loss of 
water vapor. Attach porous specimens to a solid 
backing such as aluminum that can act as a vapor 
barrier. 
8.3.2 Reposition specimens in devices with a 
planar exposure area using the following procedure 
unless it can be shown that the irradiance 
uniformity meets the requirements of Practice G151 
for no repositioning. In devices that do not have a 
planar exposure area, reposition specimens using a 
procedure agreed upon by all interested parties. 
8.3.2.1 Repositioning Procedure—Unless otherwise 
specified, move the two extreme right-hand holders 
to the far left of the exposure area, and slide the 
remaining holders to the right. Fig. 1 shows the 
repositioning of specimen holders. 
8.3.2.2 Unless otherwise specified, reposition 
specimens vertically within each specimen holder 
so that each spends the same amount of exposure 
time in each vertical position within the specimen 
holder. Fig. 2 shows the vertical rotation sequence 
for cases where there are two, three, or four 
specimens in a holder. 
NOTE 9—In devices without irradiance control, incident energy at 
the extremes of the exposure area is often only 70 % of that at the 
center. This condition requires that the procedures described in 8.3 
be followed to ensure uniformity of radiant exposure. 
8.3.3 Repositioning Frequency—Unless otherwise 
specified, the repositioning frequency shall be 10 % 
of the exposure increment between evaluations. 
8.4 Water Purity: 
8.4.1 It is recommended that deionized water be 
used for water used to produce condensation. 
8.5 Identification of any control specimen used shall 
accompany the report. 
 specimens each time exposed materials are evaluated. 
NOTE 7—Since the stability of the file specimen may also be time 
dependent, users are cautioned that over prolonged exposure 
periods, or where small differences in the order of acceptable 
limits are anticipated, comparison of exposed specimens with the 
file specimen may not be valid. 




9. Periods of Exposure and 
Evaluation of Results 
9.1 In most cases, periodic evaluation of test and 
control materials is necessary to determine the 
variation in magnitude and direction of property 
change as a function of exposure time or radiant 
exposure. 
9.2 The time or radiant exposure necessary to 
produce a defined change in a material property 
can be used to evaluate or rank the stability of 
materials. This method is preferred over evaluating 
materials after an arbitrary exposure time or radiant 
exposure. 
9.2.1 Exposure to an arbitrary time or radiant 
exposure may be used for the purpose of a specific 
test if agreed upon by the parties concerned or if 
required for conformance to a particular 
specification. When a single exposure period is 
used, select a time or radiant exposure that will 
produce the largest performance differences 
between the test materials or between the test 
material and the control material. 
9.2.2 The minimum exposure time used shall be 
that necessary to produce a substantial change in 
the property of interest for the least stable material 
being evaluated. An exposure time that produces a 
significant change in one type of material cannot be 
assumed to be applicable to other types of 
materials. 
 
FIG. 1 Diagram Showing Repositioning of Specimen Holders 
 Appendix D: ASTM – D4587 – Fluorescent UV-Condensation 






NOTE 1—“X” denotes orientation of each specimen. 
FIG. 2 Specimen Repositioning Within Holders 
9.2.3 The relation between time to failure in an 
exposure conducted according to this practice and 
service life in an outdoor environment requires 
determination of a valid acceleration factor. Do not 
use arbitrary acceleration factors relating time in an 
exposure conducted according to this practice and 
time in an outdoor environment because they can 
give erroneous information. The acceleration factor 
is material dependent and is only valid if it is based 
on data from a sufficient number of separate 
exterior and laboratory accelerated exposures so 
that results used to relate times to failure in each 
exposure can be analyzed using statistical 
methods. 
NOTE 10—An example of a statistical analysis using multiple 
laboratory and exterior exposures to calculate an acceleration 
factor is described by J.A. Simms.59 See Practice G151 for more 
information and additional cautions about the use of acceleration 
factors. 
9.3 After each exposure increment, determine the 
changes in exposed specimens. Test Method 
D523, D610, D659, D660, D662, D714, D772, 
                                               
59 Simms, J.A., Journal of Coatings Technology, Vol 50, 1987, pp. 45-53. 
D2244, D2616, D3359, D4214, E1347 or Practice 
D1729 may be used. Consider product use 
requirements when selecting appropriate methods. 
9.3.1 Other methods for evaluating test specimens 
may be used if agreed upon between all interested 
parties. 
NOTE 11—For some materials, changes may continue after the 
specimen has been removed from the exposure apparatus. 
Measurements (visual or instrumental) should be made within a 
standardized time period or as agreed upon between interested 
parties. The standardized time period needs to consider 
conditioning prior to testing. 
9.4 It is recommended that the following procedure 
be followed when results from exposures 
conducted according to this practice are used in 
specifications. 
9.4.1 If a standard or specification for general use 
requires a defined property level after a specific 
time or radiant exposure in an exposure test 
conducted according to this practice, base the 
specified property level on results from round-robin 
experiments run to determine the test 





reproducibility from the exposure and property 
measurement procedures. Conduct these round 
robins according to Practice E691 or D3980 and 
include a statistically representative sample of all 
laboratories or organizations that would normally 
conduct the exposure and property measurement. 
9.4.2 If a standard or specification for use between 
two or three parties requires a defined property level 
after a specific time or radiant exposure in an 
exposure test conducted according to this practice, 
base the specified property level on at least two 
independent experiments run in each laboratory to 
determine the reproducibility for the exposure and 
property measurement process. The reproducibility 
of the exposure/property measurement process is 
then used to determine the maximum or minimum 
level of property after the exposure that is mutually 
agreeable to all parties. 
9.4.3 When reproducibility in results from an 
exposure test conducted according to this practice 
has not been established through round-robin 
testing, specify performance requirements for 
materials in terms of comparison (ranked) to a 
control material. All specimens shall be exposed 
simultaneously in the same device. All concerned 
parties must agree on the specific control material 
used. 
9.4.3.1 Conduct analysis of variance to determine 
whether the differences between test materials and 
any control materials used are statistically 
significant. Expose replicates of the test specimen 
and the control specimen so that statistically 
significant performance differences can be 
determined. 
NOTE 12—Fischer illustrates use of rank comparison between test 
and control materials in specifications.60 
NOTE 13—Guide G169 includes examples showing use of analysis 
of variance to compare materials. 
                                               
60 Fischer, R., Ketola, W., “Impact of Research on Development of ASTM 
Durability Testing Standards,” Durability Testing of Non-Metallic Materials, ASTM 
STP 1294, ASTM,1995. 
 
10. Report 
10.1 Report the following information: 
10.1.1 Type and model of exposure device. 
10.1.2 Type of light source. 
10.1.3 Average distance from specimens to light 
source. 
10.1.4 Age of lamps at the beginning of the 
exposure, and whether any of the lamps were 
replaced during the period of exposure. 
10.1.5 Type of black panel (uninsulated or 
insulated) used. 
10.1.6 If required, report irradiance measured at a 
single wavelength in W/(m2·nm) and radiant energy 
for a single wavelength in J/(m2·nm). Report 
irradiance measured in a broad band, such as 300-
400 nm, in W/m2 with the spectral region specified. 
Report radiant energy measured in a broad band 
as J/m2 with the spectral region specified. 
10.1.6.1 Do not report irradiance or radiant 
exposure unless direct measurement of irradiance 
was made during the exposure. 
10.1.7 Elapsed exposure time. 
10.1.7.1 When required, report any test 
interruptions greater than 24 h in accordance with 
7.10. 
10.1.8 Light and dark-water-condensation cycle 
employed. 
10.1.9 Operating black panel temperature. 
10.1.10 Operating relative humidity during light 
exposure (if measured). 
10.1.11 Specimen repositioning procedure (if 
different from that described in 8.4). 
10.1.12 Results of property tests. Where retention 
of characteristic property is reported, calculate 
results according to Practice D5870. 
NOTE 14—In some cases, exposures are conducted by a 
contracting agency but property tests are conducted by the 





contracting party. In these cases, the agency that conducts the 
exposures cannot report results from property tests. 
11. Precision and Bias 
11.1 Precision—The repeatability and reproducibility 
of results obtained in exposures conducted 
according to this practice will vary with the 
materials being tested, the material property being 
measured, and the specific test conditions and 
cycles that are used. 
11.2 Bias—Bias can not be determined because no 
acceptable standard weathering reference 
materials are available. 
12. Keywords 
12.1 degradation; exposure; fluorescent UV; light 
exposure; ultraviolet; weathering 
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This international standard was developed in accordance with internationally recognized principles on standardization established in 
the Decision on Principles for the Development of International Standards, Guides and Recommendations issued by the World 
Trade Organization Technical Barriers to Trade (TBT) Committee. 
 Designation: D1654 − 08 (Reapproved 2016)´61 
Standard Test Method for 
Evaluation of Painted or Coated Specimens Subjected to 
Corrosive Environments1 
This standard is issued under the fixed designation D1654; the number immediately 
following the designation indicates the year of original adoption or, in the case of 
revision, the year of last revision. A number in parentheses indicates the year of last 
reapproval. A superscript epsilon (´) indicates an editorial change since the last revision 
or reapproval. This standard has been approved for use by agencies of the U.S. Department of 
Defense. ε1 NOTE—Typos in Section 8 were corrected editorially in May 2017. 
1. Scope 
1.1 This test method covers the treatment of 
previously painted or coated specimens for 
accelerated and atmospheric exposure tests and 
their subsequent evaluation in respect to 
corrosion, blistering associated with corrosion, 
                                               
61 This test method is under the jurisdiction of ASTM Committee D01 on Paint and Related Coatings, Materials, and Applications 
and is the direct responsibility of Subcommittee D01.25 on Evaluation of Weathering Effects. 
Current edition approved Dec. 1, 2016. Published December 2016. Originally approved in 1959. Last previous edition approved in 
2008 as D1654 – 08. DOI: 10.1520/D1654-08R16E01. 
loss of adhesion at a scribe mark, or other film 
failure. 
1.2 The values stated in SI units are to be 
regarded as the standard. The values given in 
parentheses are for information only. 
  




1.3 This standard does not purport to address all of 
the safety concerns, if any, associated with its use. It is 
the responsibility of whoever uses this standard to 
consult and establish appropriate safety and health 
practices and determine the applicability of regulatory 
limitations prior to use. 
1.4 This international standard was developed in 
accordance with internationally recognized principles 
on standardization established in the Decision on 
Principles for the Development of International 
Standards, Guides and Recommendations issued by the 
World Trade Organization Technical Barriers to Trade 
(TBT) Committee. 
2. Referenced Documents 
2.1 ASTM Standards:1 
B117 Practice for Operating Salt Spray (Fog) 
Apparatus 
D610 Practice for Evaluating Degree of Rusting 
on Painted Steel Surfaces 
D714 Test Method for Evaluating Degree of 
Blistering of 
Paints 
D822 Practice for Filtered Open-Flame Carbon-
Arc Expo- 
 
sures of Paint and Related Coatings 
D870 Practice for Testing Water Resistance of 
Coatings Using Water Immersion 
D1014 Practice for Conducting Exterior Exposure 
Tests of Paints and Coatings on Metal 
Substrates 
D1735 Practice for Testing Water Resistance of 
Coatings Using Water Fog Apparatus 
D2247 Practice for Testing Water Resistance of 
Coatings in 100 % Relative Humidity 
D2803 Guide for Testing Filiform Corrosion 
Resistance of Organic Coatings on Metal 
D4141 Practice for Conducting Black Box and 
Solar Concentrating Exposures of Coatings 
D4585 Practice for Testing Water Resistance of 
Coatings Using Controlled Condensation 
D4587 Practice for Fluorescent UV-Condensation 
Exposures of Paint and Related Coatings 
D5894 Practice for Cyclic Salt Fog/UV Exposure 
of Painted Metal, (Alternating Exposures in a 
Fog/Dry Cabinet and a UV/Condensation 
Cabinet) 
D6695 Practice for Xenon-Arc Exposures of Paint 
and Related Coatings 
D7087 Test Method for An Imaging Technique to 
Measure Rust Creepage at Scribe on Coated 
Test Panels Subjected to Corrosive 
Environments 
E3 Guide for Preparation of Metallographic 
Specimens G85 Practice for Modified Salt Spray 
(Fog) Testing 
G87 Practice for Conducting Moist SO2 Tests 
2.2 ANSI Standard:2 




3.1 paint removal material, n—a device or substance 
that is used to remove loose coating around a 
scribe. 
3.2 rust creepage or undercutting, n—corrosion of a 
substrate that occurs around a damaged area of a 
coated material. 
 
                                               
1 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
2 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 
4th Floor, New York, NY 10036, http://www.ansi.org. 
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contact ASTM Customer Service at service@astm.org. For Annual Book of 
ASTM Standards volume information, refer to the standard’s Document 
Summary page on the ASTM website. 
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States 
3.3 scribe, n—a linear, intentionally prepared 
damaged area on a coated material that extends 
down to the substrate. 
3.4 scribing tool, n—a tool used to prepare a scribe 
on a coated material. 
3.5 zone of corrosion, n—area of corrosion of a 
substrate. 
4. Significance and Use 
4.1 This method provides a means of evaluating 
and comparing basic corrosion performance of the 
substrate, pretreatment, or coating system, or 
combination thereof, after exposure to corrosive 
environments. 
5. Apparatus 
5.1 Scribing Tools: 
5.1.1 Lathe Tool Type—High speed tool steel or 
tungsten carbide thread cutting lathe tool bit with a 
cutting tip having a 60° included angle. ANSI 
B94.50, Style E has been found to meet these 
requirements. (See Fig. 1.) The tool bit is typically 
mounted in a holder such as a wooden file handle 
to facilitate the scribing operation. 
5.1.2 Pencil Type—Pencil shaped device, with a high 
speed tool steel or tungsten carbide scribing tip. 
Typically the gripping surface is knurled. The tip 
may be replaceable or permanent. 
5.1.3 Motorized Circular Blade—A motor fitted with a 
1 to 2 mm wide circular cutting device. 
5.1.4 Other Types—Other types of scribing 
instruments which use a knife type blade such as a 
scalpel, razor blade, box cutter knife, or other sharp 
pointed tool are acceptable if agreed upon between 
the producer and the user. 
5.2 Straightedge—Any straightedge of sufficient 
length and rigidity to guide the scribing tool in a 
straight line. 
5.3 Paint Removal Materials—The following materials 
can be used to remove the coating around the 
scribe. 
5.3.1 Spatula. 
5.3.2 Knife or similar instrument—the sharpness of 
blade shall be agreed upon between purchaser and 
seller. 
5.3.3 Paint Stripper or strong solvent. 
5.3.4 Materials for removal by air: 
5.3.4.1 Air Source—A source of compressed air 
capable of delivering at least 4.72 L/s (10 ft3/min) at 
552 kPa (80 psi). 
5.3.4.2 Air Gun—An air dusting gun and nozzle 
combination. The following configuration has been 








0.24 (8.4) 550 (80) 3.0 (0.12) 
5.3.5 Power Washer capable of delivering 3500 
psi. 
5.4 Scale—Any rule with 1-mm divisions. 
6. Preliminary Treatment of Test 
Specimens 
6.1 Scribed Specimens: 
6.1.1 Where specified or agreed upon, prepare 
each specimen for testing by scribing it in such a 
manner that the scribe can be exposed lengthwise 
when positioned in the test cabinet. This position 
will allow solution droplets to run lengthwise along 
the scribe. 
6.1.2 Scribe the specimen by holding the tool at 
approximately a 70 to 90° angle to the surface with 
the upper end of tool holder inclined toward the 
operator. Position the tool so that only the tip is in 
contact with the surface. (See Fig. 2.) Pull the 
scribing tool to obtain a uniform V-cut through the 
coating that is being tested. The endpoints of the 
scribe shall be at least 1.25 cm (0.5 in.) from the 
 
 FIG. 1 Scribe Tool FIG. 2 Scribing Tool in Action 




edge of the panel. Inspect the tool frequently, using 
low power magnification, for dulling, chipping or 
wear and replace or repair as needed. The scribe 
should be of sufficient length to cover the significant 
test area, but should not contact the edge of the 
specimen. The scribe must penetrate all organic 
coating layers on the metal, leaving a uniformly 
bright line. The extent of scribe penetration through 
metal coatings, such as galvanize, should be 
agreed upon between the producer and user. The 
coil coating industry typically requires scribes to 
penetrate all organic coating layers but not 
penetrate the metal coating layers. The automotive 
industry typically requires scribes to penetrate all 
organic and metal coating layers. The pencil type 
may be less effective than the lathe tool type when 
scribing coating systems consisting of multiple 
layers of organic coatings or coating systems 
including metal layers. When scribing coating 
systems consisting of multiple layers of organic 
coatings or coating systems including metal layers 
the depth and quality of scribe technique should be 
evaluated using the cross section, castable plastic 
mount, polishing technique described in Practice 
E3. Quality of the scribe technique may also be 
observed with the aid of low-power magnification. 
Note, mark, and describe defects, coding, and 
flaws that may affect results. If a motorized circular 
blade is used, position the test specimen to allow 
for a straight, linear cut at the desired length. The 
blade shall be 
 
positioned to a depth such that it is able to cut into 
the substrate. This type of blade will result in a 
rectangular cut rather than a V-cut. 
6.1.3 One cut may not be sufficient to cut multi-
layer protective coatings down to the metal. The 
use of more than one cut must be agreed to 
between all concerned parties prior to scribing, and 
the number of cuts must be recorded in the test 
documentation. When multiple cuts are needed, 
each cut must be done in the same direction. If a 
motorized blade is being used, it may be necessary 
to clean out residual materials of the scribe with a 
pencil-type scriber. 
6.1.4 Scribe lines other than those of a single, 
straight nature may be used if agreed upon 
between the producer and the user. 
6.1.5 Wipe off the panel with a dry rag, or blow with 
air to remove any metal flakes from the scribing 
process. 
6.1.6 The width of the scribe (w) shall be 
recorded. 
6.2 Cut Edges—Cut edges of panels may be 
exposed during testing, or protected by wax, tape, 
or other means as agreed upon between the 
producer and the user. If left unprotected, method 
of shearing panel edges should be agreed upon 
between the producer and user, noting whether 
edges are oriented in the “burr up” or “burr down” 
configuration. 




6.3 Deformation—Deformation of test panels prior to 
exposure, if desired, should be agreed upon 
between the producer and user. 
7. Exposure of Test Specimens 
7.1 Expose test specimens in accordance with one 
or more of the following test methods or practices: 
B117, D822, D870, D1014, D1735, D2247, D2803, 
D4141, D4585, D4587, D5894, D6695, G85, G87, 
or any other applicable test method, as agreed 
upon between the producer and the user. The 
length of test and evaluation intervals should be 
agreed upon prior to exposure of specimens. 
8. Procedure A—Evaluation of 
Rust Creepage for Scribed 
Specimens 
8.1 Rinse each specimen after completion of the 
exposure period, using a gentle stream of water at 
a temperature up to 45°C (110°F). Remove coating 
along scribe with one of the following methods such 
that all corrosion of the substrate (that is, rust 
creepage or undercutting) can be observed using 
one of the following methods. 
8.1.1 Method 1 (Scraping)—Scrape the specimen 
vigorously with an instrument described in 5.3.1. 
8.1.2 Method 2 (Knife)—Pick off the loose or lifted 
coating with a knife described in 5.3.2. 
8.1.3 Method 3 (Paint Stripper)—Soak the panels in 
paint stripper or suitable solvent as described in 
5.3.3 until the coating around the scribe is 
removed, or can be removed with a spatula. 
8.1.4 Method 4 (Air Blow-Off)—Holding the nozzle, 
as described in 5.3.4, at approximately a 45° angle, 
blow along the entire scribe line, disturbing the 
surface adjacent to the scribe adjacent to the scribe 
mechanically by the air nozzle to ensure an 
opening for the air blast. 
8.1.5 Method 5 (Power Washer)—Using a power 
washer described in 5.3.5, remove the coating 
around the scribe. 
8.1.6 Other methods can be used to remove loose 
material around the scribe if agreed upon between 
purchaser and seller. 
NOTE 1—The above methods may not be appropriate in all cases, 
such as for interim ratings in continuing tests. 
NOTE 2—For all methods, complete the removal of loose coating 
with 15 min of specimen removal from the exposure cabinet. If 
removal cannot be completed within the prescribed time, immerse 
the specimens in water at room temperature or store in a plastic 
bag to avoid any drying effect. 
8.2 Rating—Only areas of the substrate that are 
discolored due to corrosion should be considered. 
Record the maximum and minimum creepage from 
the scribe, and note whether or not the maximum is 
an isolated spot. The mean can be determined by 
making at least 6 measurements of the width of the 
zone of corrosion uniformly distributed along the 
scribe, ignoring 3 mm (0.125 in.) of each end of the 
scribe. Determine the arithmetic mean, and use the 
following equation to determine rust creepage (c): 
wc 2w 
 c5  (1) 
2 
where: 
wc = mean overall width of the corrosion zone 
and w = width of the original scribe. 
As an alternative, use Test Method D7087. Record 
creep values in millimetres, inches, or rating 
numbers as prescribed in Table 1, as agreed upon 
between producer and user. Loss of paint that does 
not extend down to the substrate and result in 
corrosion can be rated using the same procedure, 
but should not be considered as scribe creepage, 
undercutting, or corrosion. If this is the case, note 
the coat(s) removed. 
9. Procedure B—Evaluation of 
Unscribed Areas 
9.1 Use photographic blister standards given in 
Practice D714 to describe the results of the 
exposure test with respect to blisters, and Practice 
D610 to describe the results of the exposure with 
respect to rusting 
10. Procedure C—Evaluation of 
Unprotected Edges 
10.1 If paint creepage from cut edges is tested, rate 
the corrosion or loss of paint extending from a cut 




edge in the same manner described for scribes in 
Procedure A. 
11. Procedure D—Evaluation of 
Formed Areas 
11.1 If tested samples contain bends, dimples, or 
other formed areas of interest, rate the extent of 
failure at these areas 
TABLE 1 Rating of Failure at Scribe (Procedure A) 






Zero 0 10 
Over 0 to 0.5 0 to 1⁄64 9 
Over 0.5 to 1.0 1⁄64 to 1⁄32 8 
Over 1.0 to 2.0 1⁄32 to 1⁄16 7 
Over 2.0 to 3.0 1⁄16 to 1⁄8 6 
Over 3.0 to 5.0 1⁄8 to 3⁄16 5 
Over 5.0 to 7.0 3⁄16 to 1⁄4 4 
Over 7.0 to 10.0 1⁄4 to 3 ⁄8 3 
Over 10.0 to 13.0 3⁄8 to 1 ⁄2 2 
Over 13.0 to 16.0 1⁄2 to 5 ⁄8 1 
Over 16.0 to more 5⁄8 to more 0 
separately in the same manner described in 
Procedure B, or as agreed upon between the 
producer and user. 
12. Report 
12.1 The report shall include the following 
information, unless otherwise agreed upon between 
the producer and user: 
12.1.1 All pertinent information regarding the 
conduct of each corrosion test, as prescribed in the 
specifications for each test, 
12.1.2 Methods of scribing, shearing, or forming, or 
combination thereof, or test specimens. 
12.1.3 Method of removal of loose coating. 
12.1.4 Rust creepage. 
12.1.5 If applicable, the extent of the removal of 
loose paint around scribe that did not extend down 
to the substrate, noting which coat(s) were 
removed. 
13. Precision and Bias 
13.1 Precision—Since this is a method of evaluation 
based on measurements after various tests, the 
statement of precision applicable to each specific 
method of exposure to corrosive environments 
applies. 
14. Keywords 
14.1 blistering; corrosion; creepage; edge/scribe; 
paints/ related coatings/materials; rust; undercutting 
 Appendix D: ASTM – D1654 – Evaluation of Painted or Coated Specimens 





in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the 
risk of infringement of such rights, are entirely their own responsibility. 
This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and if 
not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional 
standards and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a 
meeting of the responsible technical committee, which you may attend. If you feel that your comments have not received a fair 
hearing you should make your views known to the ASTM Committee on Standards, at the address shown below. 
This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, 
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above 
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website 
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222 
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
ASTMInternationaltakesnopositionrespectingthevalidityofanypatentrightsassertedinconnectionwithanyitemmentioned 




This international standard was developed in accordance with internationally recognized principles on standardization established in 
the Decision on Principles for the Development of International Standards, Guides and Recommendations issued by the World 
Trade Organization Technical Barriers to Trade (TBT) Committee. 
 Designation: D523 − 14 
Standard Test Method for Specular Gloss1 
This standard is issued under the fixed designation D523; the number immediately 
following the designation indicates the year of original adoption or, in the case of 
revision, the year of last revision. A number in parentheses indicates the year of last 
reapproval. A superscript epsilon (´) indicates an editorial change since the last revision 
or reapproval. 
This standard has been approved for use by agencies of the U.S. Department of Defense. 
1. Scope 
1.1 This test method covers the measurement of 
the specular gloss of nonmetallic specimens for 
glossmeter geometries of 60, 20, and 85° (1-7).2 
1.2 The values stated in inch-pound units are to be 
regarded as standard. The values given in 
parentheses are mathematical conversions to SI 
units that are provided for information only and are 
not considered standard. 
1.3 This standard does not purport to address all of 
the safety concerns, if any, associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use. 
2. Referenced Documents 
2.1 ASTM Standards:3 
D823 Practices for Producing Films of Uniform 
Thickness of Paint, Varnish, and Related 
Products on Test Panels 
D3964 Practice for Selection of Coating 
Specimens for Appearance Measurements 
D3980 Practice for Interlaboratory Testing of 
Paint and Related Materials (Withdrawn 1998)4 
D4039 Test Method for Reflection Haze of High-
Gloss 
Surfaces 
E97 Method of Test for Directional Reflectance 
Factor, 45-Deg 0-Deg, of Opaque Specimens 
by Broad-Band Filter Reflectometry (Withdrawn 
1991)4 
  




E430 Test Methods for Measurement of Gloss of 
High-Gloss 
Surfaces by Abridged Goniophotometry 
 
1 This test method is under the jurisdiction of ASTM Committee E12 
on Color and Appearance and is the direct responsibility of Subcommittee 
E12.03 on Geometry. 
Current edition approved Jan. 1, 2014. Published January 2014. 
Originally approved in 1939. Last previous edition approved in 2008 as 
D523 – 08. DOI: 10.1520/D0523-14. 
2 The boldface numbers in parentheses refer to the list of 
references at the end of this test method. 
3 For referenced ASTM standards, visit the ASTM website, 
www.astm.org, or contact ASTM Customer Service at service@astm.org. For 
Annual Book of ASTM Standards volume information, refer to the standard’s 
Document Summary page on the ASTM website. 




3.1.1 relative luminous reflectance factor, n—the ratio 
of the luminous flux reflected from a specimen to 
the luminous flux reflected from a standard surface 
under the same geometric conditions. For the 
purpose of measuring specular gloss, the standard 
surface is polished glass. 
3.1.2 specular gloss, n—the relative luminous 
reflectance factor of a specimen in the mirror 
direction. 
4. Summary of Test Method 
4.1 Measurements are made with 60, 20, or 85° 
geometry (8, 9). The geometry of angles and 
apertures is chosen so that these procedures may 
be used as follows: 
4.1.1 The 60° geometry is used for intercomparing 
most specimens and for determining when the 20° 
geometry may be more applicable. 
4.1.2 The 20° geometry is advantageous for 
comparing specimens having 60° gloss values 
higher than 70. 
4.1.3 The 85° geometry is used for comparing 
specimens for sheen or near-grazing shininess. It is 
most frequently applied when specimens have 60° 
gloss values lower than 10. 
5. Significance and Use 
5.1 Gloss is associated with the capacity of a 
surface to reflect more light in directions close to 
the specular than in others. Measurements by this 
test method correlate with visual observations of 
surface shininess made at roughly the 
corresponding angles. 
5.1.1 Measured gloss ratings by this test method 
are obtained by comparing the specular reflectance 
from the specimen to that from a black glass 
standard. Since specular reflectance depends also 
on the surface refractive index of the specimen, the 
measured gloss ratings change as the surface 
refractive index changes. In obtaining the visual 
gloss ratings, however, it is customary to compare 
the specular reflectances of two specimens having 
similar surface refractive indices. 
5.2 Other visual aspects of surface appearance, 
such as distinctness of reflected images, reflection 
haze, and texture, are frequently involved in the 
assessment of gloss (1), (6), (7). Test Method E430 
includes techniques for the measurement of both 
distinctness-of-image gloss and reflection haze. 
Test Method D4039 provides an alternative 
procedure for measuring reflection haze. 
5.3 Little information about the relation of 
numerical-toperceptual intervals of specular gloss 
has been published. However, in many applications 
the gloss scales of this test method have provided 
instrumental scaling of coated specimens that have 
agreed well with visual scaling (10). 
5.4 When specimens differing widely in perceived 
gloss or color, or both, are compared, nonlinearity 
may be encountered in the relationship between 
visual gloss difference ratings and instrumental 
gloss reading differences. 
6. Apparatus 
6.1 Instrumental Components—The apparatus shall 
consist of a light source furnishing an incident 
beam, means for locating the surface of the 
specimen, and a receptor located to receive the 
required pyramid of rays reflected by the specimen. 
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States 




The receptor shall be a photosensitive device 
responding to visible radiation. 
6.2 Geometric Conditions—The axis of the incident 
beam shall be at one of the specified angles from 
the perpendicular to the specimen surface. The 
axis of the receptor shall be at the mirror reflection 
of the axis of the incident beam. The axis of the 
incident beam and the axis of the receptor shall be 
within 0.1° of the nominal value indicated by the 
geometry. With a flat piece of polished black glass 
or other front-surface mirror in the specimen 
position, an image of the source shall be formed at 
the center of the receptor field stop (receptor 
window). The length of the illuminated area of the 
specimen shall be not more than one third of the 
distance from the center of this area to the receptor 
field stop. The dimensions and tolerance of the 
source and receptor shall be as indicated in Table 
1. The angular dimensions of the receptor field stop 
are measured from the receptor lens in a 
collimated-beam-type instrument, as illustrated in 
Fig. 1, and from the test surface in a converging 
beam-type instrument, as illustrated in Fig. 2. See 
Fig. 1 and Fig. 2 for a generalized illustration of the 
dimensions. The tolerances are chosen so that 
errors in the source and receptor apertures do not 
produce an error of more than one gloss unit at any 
point on the scale (5). The relative dimension is the 
calculated dimension related to the 60° receptor 
(=1.0000). 
6.2.1 The important geometric dimensions of any 
speculargloss measurement are: 
6.2.1.1 Beam axis angle(s), usually 60, 20, or 
85°. 
6.2.1.2 Accepted angular divergences from 
principal rays (degree of spreading or diffusion of 
the reflected beam). 
NOTE 1—The parallel-beam glossmeters possess the better 
uniformity of principle-ray angle of reflection, but the converging-
beam glossmeters possess the better uniformity in extent of 
angular divergence accepted for measurement. 
NOTE 2—Polarization—An evaluation of the impact of polarization 
on gloss measurement has been reported (11). The magnitude of 
the polarization error depends on the difference between the 
refractive indices of specimen and standard, the angle of 
incidence, and the degree of polarization. Because the specimen 
and standard are generally quite similar optically, measured gloss 
values are little affected by polarization. 
6.3 Vignetting—There shall be no vignetting of rays 
that lie within the field angles specified in Table 1. 
6.4 Spectral Conditions—Results should not differ 
significantly from those obtained with a source-filter 
photocell combination that is spectrally corrected to 
yield CIE luminous efficiency with CIE source C. 
Since specular reflection is, in general, spectrally 
nonselective, spectral corrections need to be 
applied only to highly chromatic, low-gloss 
specimens upon agreement of users of this test 
method. 
6.5 Measurement Mechanism—The receptor-
measurement mechanism shall give a numerical 
indication that is proportional to the light flux 
passing the receptor field stop with 61 % of full-
scale reading. 
7. Reference Standards 
7.1 Primary Standards—Highly polished, plane, 
black glass with a refractive index of 1.567 for the 
sodium D line shall be assigned a specular gloss 
value of 100 for each geometry. The gloss value for 
glass of any other refractive index can be 
computed from the Fresnel equation (5). For small 
differences in refractive index, however, the gloss 
value is a linear function of index, but the rate of 
change of gloss with index is different for each 
geometry. Each 0.001 increment in refractive index 
produces a change of 0.27, 0.16, and 0.016 in the 
gloss value assigned to a polished standard for the 
20, 60, and 85° geometries, respectively. For 
example, glass of index 1.527 would be assigned 
values of 89.2, 93.6, and 99.4, in order of 
increasing geometry. 
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TABLE 1 Angles and Relative 
Dimensions of Source Image and 
Receptors 
  In Plane of 
Measurement 
Perpendicular to 
Plane of Measurement 
θ,° 
Relative 




2 tan θ/2 
Dimension 
Source image 0.75 0.0131 0.171 2.5 0.0436 0.568 
Tolerance ± 0.25 0.0044 0.057 0.5 0.0087 0.114 
60° receptor 4.4 0.0768 1.000 11.7 0.2049 2.668 
Tolerance ± 0.1 0.0018 0.023 0.2 0.0035 0.046 
20° receptor 1.8 0.0314 0.409 3.6 0.0629 0.819 
Tolerance ± 0.05 0.0009 0.012 0.1 0.0018 0.023 
85° receptor 4.0 0.0698 0.909 6.0 0.1048 1.365 
Tolerance ± 0.3 0.0052 0.068 0.3 0.0052 0.068 
7.2 Working Standards—Ceramic tile, depolished ground opaque glass, emery paper, and other 
semigloss materials having hard and uniform surfaces are suitable when calibrated against a 
primary standard on a glossmeter known to meet the requirements of this test method. Such 
standards should be checked periodically for constancy by comparing with primary standards. 
7.3 Store standards in a closed container when not in use. Keep them clean and away from 
any dirt that might scratch or mar their surfaces. Never place standards face down on a 
surface that may be dirty or abrasive. Always hold standards at the side edges to avoid 
getting oil from the skin on the standard surface. Clean the standards in warm water and a 
mild detergent solution brushing gently with a soft nylon brush. (Do not use soap solutions to 
clean standards, because they can 
 
FIG. 1 Diagram of Parallel-Beam Glossmeter Showing Apertures and Source Mirror-Image Position 





FIG. 2 Diagram of Converging-Beam Glossmeter Showing Apertures and Source Mirror-Image Position 




leave a film.) Rinse standards in hot running water (temperature near 150°F (65°C)) 
to remove detergent solution, followed by a final rinse in distilled water. Do not wipe 
standards. The polished black glass high-gloss standard may be dabbed gently with 
a lint-free paper towel or other lint-free absorbent material. Place the rinsed 
standards in a warm oven to dry. 
8. Preparation and Selection of Test Specimens 
8.1 This test method does not cover preparation techniques. Whenever a test for 
gloss requires the preparation of test specimens, use the procedures given in 
Practice D823. 
NOTE 3—To determine the maximum gloss obtainable from a test material, such as a paint or varnish, use 
Methods B or C of Practice D823. 
8.2 Select specimens in accordance with Practice D3964. 
9. Instrument Calibration 
9.1 Operate the glossmeter in accordance with the manufacturer’s instructions. 
9.2 Verify the instrument zero by placing a black cavity in the specified position. If 
the reading is not within 60.1 of zero, subtract it algebraically from subsequent 
readings or adjust the instrument to read zero. 
9.3 Calibrate the instrument at the start and completion of every period of 
glossmeter operation, and during the operation at sufficiently frequent intervals to 
assure that the instrument response is practically constant. To calibrate, adjust the 
instrument to read correctly the gloss of a highly polished standard, properly 
positioned and oriented, and then read the gloss of a working standard in the mid-
gloss range. If the instrument reading for the second standard does not agree 
within one unit of its assigned values, check cleanliness and repeat. If the 
instrument reading for the second standard still does not agree within one unit of its 
assigned value, repeat with another mid-range standard. If the disparity is still more 




than one unit, do not use the instrument without readjustment, preferably by the 
manufacturer. 
10. Procedure 
10.1 Position each specimen in turn beneath (or on) the glossmeter. For specimens 
with brush marks or similar texture effects, place them in such a way that the 
directions of the marks are parallel to the plane of the axes of the incident and 
reflected beams. 
10.2 Take at least three readings on a 3 by 6-in. (75 by 150-mm) area of the test 
specimen. If the range is greater than two gloss units, take additional readings and 
calculate the mean after discarding divergent results as in the section on Test for 
Outliers of Practice D3980. For larger specimens, take a proportionately greater 
number of readings. For non-ideal samples, (for example, weathered samples) the 
parties involved shall determine the acceptable range. 















20 1.1 1.7 3.5 6.4 
60 0.9 0.9 3.4 3.5 
85 0.6 0.8 2.0 7.2 
A Single determinations. 
B For means of three determinations. 
TABLE 3 Standard Deviation of Gloss Determinations 
No. of Degrees of Freedom Standard Deviations 















 20 4 40 34 0.4 1.2 
 60 4 40 34 0.3 1.2 















20 8 80 72 0.6 2.2 
60 22 220 136 0.3 1.2 
85 6 48 18 0.3 2.4 
A Single determinations. 
B For means of three determinations. 
11. Diffuse Correction 
11.1 Apply diffuse corrections only upon agreement between the producer and the 
user. To apply the correction, subtract it from the glossmeter reading. To measure 
the correction, illuminate the specimen perpendicularly and view at the incident 
angle with the receiver aperture specified in 6.2 for the corresponding geometry. To 
compute the correction, multiply the 45°, 0° directional reflectance of the specimen, 
determined in accordance with Test Method E97, by the effective fraction of the 
luminous flux reflected by the perfect diffuse reflector and accepted by the receiver 
aperture. The luminous flux entering the receiver aperture from the perfect white 
diffusor would give the following gloss indications for each of the geometries: 
 Geometry, ° Gloss of Perfect White Diffuser 
 60 2.5 
 20 1.2 
 85 0.03 
12. Report 
12.1 Report the information following: 
12.1.1 Mean specular gloss readings and the geometry used. 




12.1.2 If uniformity of surface is of interest, the presence of any specimen that 
exhibits gloss readings varying by more than 5 % from their mean. 
12.1.3 Where preparation of the test specimen has been necessary, a description 
or identification of the method of preparation. 
12.1.4 Manufacturer’s name and model designation of the glossmeter. 
12.1.5 Working standard or standards of gloss used. 
13. Precision 
13.1 On the basis of studies of this test method by several laboratories in which 
single determinations were made on different days on several ceramic tiles and 
painted panels differing in visually perceived gloss, the pooled within laboratory and 
between-laboratories standard deviations were found to be those shown in Table 3. 
Based on these standard deviations, the following criteria should be used for 
judging the acceptability of results at the 95 % confidence level: 
13.1.1 Repeatability—Two results, each of which are single determinations obtained 
on the same specimen by the same operator, should be considered suspect if they 
differ by more than the maximum acceptable differences given in Table 2. 
13.1.2 Reproducibility—Two results, each the mean of three determinations, 
obtained on the same specimen by different laboratories should be considered 
suspect if they differ by more than the maximum acceptable differences given in 
Table 2. This does not include variability due to preparation of panels in different 
laboratories. 
NOTE 4—For some types of paint, particularly semi-gloss, the measured gloss is affected by method of film 
preparation and drying conditions so that the reproducibility of results from such materials may be poorer 
than the values given in Table 2. 
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This international standard was developed in accordance with internationally recognized principles on standardization established in 
the Decision on Principles for the Development of International Standards, Guides and Recommendations issued by the World 
Trade Organization Technical Barriers to Trade (TBT) Committee. 
 Designation: D3359 − 17 
Standard Test Methods for 
Rating Adhesion by Tape Test64 
This standard is issued under the fixed designation D3359; the number immediately 
following the designation indicates the year of original adoption or, in the case of 
revision, the year of last revision. A number in parentheses indicates the year of last 
reapproval. A superscript epsilon (´) indicates an editorial change since the last revision 
or reapproval. 
This standard has been approved for use by agencies of the U.S. Department of Defense. 
1. Scope* 
1.1 These test methods cover procedures for 
assessing the adhesion of relatively ductile coating 
films to metallic substrates by applying and 
removing pressure-sensitive tape over cuts made in 
the film. 
                                               
64 These test methods are under the jurisdiction of ASTM Committee D01 on Paint and Related Coatings, Materials, and Applications 
and are the direct responsibility of Subcommittee D01.23 on Physical Properties of Applied Paint Films. 
Current edition approved Feb. 1, 2017. Published March 2017. Originally approved in 1974. Last previous edition approved in 2009 
as D3359 – 09ɛ2. DOI: 
10.1520/D3359-17. 
1.2 Test Method A is primarily intended for use in 
the field while Test Method B is more suitable for 
use in laboratory or shop environments. Also, Test 
Method B is not considered suitable for films thicker 
than 125µm (5 mils) unless wider spaced cuts are 
employed and there is an explicit agreement 
between the purchaser and seller. 
  




1.3 These test methods are used to evaluate 
whether the adhesion of a coating to a substrate is 
adequate for the user’s application. They do not 
distinguish between higher levels of adhesion for 
which more sophisticated methods of measurement 
are required. 
1.4 This test method is similar in content (but not 
technically equivalent) to ISO 2409. 
1.5 In multicoat systems adhesion failure may 
occur between coats so that the adhesion of the 
coating system to the substrate is not determined. 
1.6 The values stated in SI units are to be regarded 
as the standard. The values given in parentheses 
are for information only. 
1.7 This standard does not purport to address the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish 
appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use. 
 
2. Referenced Documents 
2.1 ASTM Standards:65 
D609 Practice for Preparation of Cold-Rolled 
Steel Panels for Testing Paint, Varnish, 
Conversion Coatings, and Related Coating 
Products 
D823 Practices for Producing Films of Uniform 
Thickness of Paint, Varnish, and Related 
Products on Test Panels 
D1000 Test Methods for Pressure-Sensitive 
AdhesiveCoated Tapes Used for Electrical and 
Electronic Applications 
D1730 Practices for Preparation of Aluminum and 
Aluminum-Alloy Surfaces for Painting 
D2092 Guide for Preparation of Zinc-Coated 
(Galvanized) Steel Surfaces for Painting 
(Withdrawn 2008)66 
                                               
65 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 
66 The last approved version of this historical standard is referenced on 
www.astm.org. 
D2370 Test Method for Tensile Properties of 
Organic Coatings 
D3330/D3330M Test Method for Peel Adhesion 
of PressureSensitive Tape 
D3924 Specification for Environment for 
Conditioning and Testing Paint, Varnish, 
Lacquer, and Related Materials (Withdrawn 
2016)3 
D4060 Test Method for Abrasion Resistance of 
Organic Coatings by the Taber Abraser 
2.2 Other Standard: 
ISO 2409 Paint and Varnishes — Cross-cut test67 
PSTC 101 International Standard for Peel 
Adhesion of Pressure Sensitive Tape68 
3. Terminology 
3.1 Definitions of Terms Specific to This Standard: 
 
3.1.1 adhesion, n—the molecular attraction and 
mechanical bonds between a coating and its 
substrate. 
3.1.2 batch, n—as it pertains to tape, a unique 
production run during manufacturing. 
3.1.3 blemish, n—an obvious surface flaw, such as 
cracking or discoloration of the coating. 
3.1.4 environmental conditions, n—the 
characteristics of the immediate surroundings 
during the tests, such as temperature, and 
relative humidity. 
3.1.5 immersion conditions, n—the characteristics 
of the fluid to which the test specimen was 
exposed, such as type of fluid, temperature of 
fluid and duration of immersion. 
3.1.6 lap, n—one complete turn of the tape on a roll; 
the outer exposed layer of tape. 
67 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 
4th Floor, New York, NY 10036, http://www.ansi.org. 
68 Available from the Pressure Sensitive Tape Council (PSTC), 1833 Centre Point 
Circle, Suite 123, Naperville, IL 60563, http://www.pstc.org. 
*A Summary of Changes section appears at the end of this standard 
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States 




3.1.7 lattice pattern, n—one series of parallel lines 
intersected by another set of parallel lines that 
are at 90° to and centered on the first set. 
3.1.8 mean, n—the classification rating that is 
obtained by adding together the digits of the 
classification ratings of the tests performed and 
dividing by the number of tests, frequently 
rounded to the nearest whole number 
classification rating. 
3.1.9 pressure-sensitive tape, n—tape with an 
adhesive that requires some degree of pressure, 
and only pressure, to adequately bond to a 
surface. 
3.1.10 range, n—the span of classification ratings 
for a set of tests, from minimum classification 
rating to maximum classification rating. 
3.1.11 solvent, n—a liquid agent capable of 
dissolving or dispersing contaminants from the 
surface of the coating or film. 
3.1.12 substrate, n—the structural foundation 
beneath the coating or film being tested. 
3.1.13 template, n—a thin, rigid plate containing 
evenly distributed, parallel slits for use as a guide 
in generating the lattice pattern when 
accompanied by a single-blade cutting tool. 
3.1.14 test specimen, n—the object whose coatings 
adhesion is of interest. 
4. Summary of Test Methods 
4.1 Test Method A—An X-cut is made through the 
film to the substrate, pressure-sensitive tape is 
applied over the cut and then removed, and 
adhesion is assessed qualitatively on a 0 to 5 
scale. 
4.2 Test Method B—A lattice pattern with either six 
or eleven cuts in each direction is made through 
the film to the substrate, pressure-sensitive tape 
is applied over the lattice pattern and then 
removed, and adhesion is assessed qualitatively 
on a 0 to 5 scale. 
4.2.1 Subject to agreement between the 
purchaser and the seller, Test Method B can be 
used for films thicker than 125 µm (5 mils) if 
wider spaced cuts are employed. 
2 
5. Significance and Use 
5.1 In order for a coating is to fulfill its function of 
protecting or decorating a substrate, the coating 
must remain adhered to the substrate. Because the 
substrate and its surface preparation (or lack 
thereof) have a drastic effect on the adhesion of 
coatings, a method to evaluate adhesion of a 
coating to different substrates or surface 
treatments, or of different coatings to the same 
substrate, is of considerable usefulness in the 
industry. 
5.2 This test method is limited to evaluating lower 
levels of adhesion (see 1.3). The intra- and inter-
laboratory precision of this test method is similar to 
other test methods for coated substrates (for 
example, Test Method D2370 and Test Method 
D4060), and is insensitive to all but large 
differences in adhesion. Limiting the range of 
rankings from 0 to 5 reflects the inability of this test 
method to make fine distinctions between levels of 
adhesion. Users shall not use intermediate values 
for ranking adhesion tests within this method. 
5.3 Extremes in temperatures or relative humidity 
may affect the adhesion of the tape or the coating. 
5.4 A given tape may not adhere equally well to 
different coatings due to several factors, including 
differences in coating composition and topology. As 
such, no single tape is likely to be suitable for 
testing all coatings. Furthermore, these test 
methods do not give an absolute value for the force 
required for bond rupture, but serves only as an 




indicator that some minimum value for bond 
strength was met or exceeded (1, 2).69 
5.5 Operators performing these test methods must 
be trained and practiced in order to obtain 
consistent results. The accuracy and precision of 
the test result obtained by using these methods 
depends largely upon the skill of the operator and 
the operator’s ability to perform the test in a 
consistent manner. Key steps that directly reflect 
the importance of operator skill include the angle 
and rate of tape removal and the visual assessment 
of the tested sample. It is not unexpected that 
different operators might obtain different results (1, 
2). 
5.6 The standard requires that the free end of the 
tape be removed rapidly at as close to a 180° angle 
as possible. When the peel angle and rate vary, the 
force required to remove the tape can change 
dramatically due to the rheological properties of the 
backing and adhesive. Variation in pull rate and 
peel angle can effect large differences in test 
values and must be minimized to assure 
reproducibility (3). 
NOTE 1—These test methods have been reported being used to 
measure adhesion of organic coatings on non-metallic substrates 
(for example, wood and plastic), although related precision and 
bias data is lacking. If testing coatings on non-metallic substrates, 
either Test Method A or Test Method B may be more appropriate 
and the method employed should be discussed by interested 
parties. Issues with plastic substrates are noted in Appendix X1. A 
similar test method, ISO 2409, permits tests on non-metallic 
substrates (for example, wood and plaster). Precision and bias 
data on the latter is lacking. Test Method D3359 was developed 
with metal as the substrate and, in the absence of supporting 
precision and bias data, is so limited. 
TEST METHOD A—X-CUT TAPE TEST 
6. Apparatus and Materials 
6.1 Cutting Tool—Sharp razor blade, scalpel, knife 
or other fine-edged cutting device. The cutting 
edges shall be in good condition, preferably new or 
newly sharpened. 
                                               
69 The boldface numbers in parentheses refer to the list of references at the end of 
this test method. 
6.2 Cutting Guide—Steel or other hard metal 
straightedge to ensure straight cuts. 
6.3 Tape—25-mm (1.0-in.) wide transparent or 
semitransparent pressure-sensitive tape with an 
adhesive peel strength between 6.34 N/cm (58 
oz/in.) and 7.00 N/cm (64 oz/in.), as tested in 
accordance with Test Method D3330/D3330M, Test 
Method A, (equivalent to PSTC 101) and utilizing a 
90 second dwell time on a standard steel panel. 
6.3.1 Other tapes may be used by agreement 
between the parties involved. 
6.3.2 Due to variability in adhesion strength from 
batch-tobatch and changes in adhesion properties 
of tapes over time, tape from the same batch shall 
be used when tests are to be run in different 
laboratories. When use of the same batch is not 
followed the test method shall be used only for 
ranking a series of test coatings. Refer to X1.5 for 
additional information 
6.4 Pressure Application Device—Although other 
devices may suffice, a rubber eraser or rubber 
roller is commonly used to ensure good and 
uniform wetting of the coating with the adhesive of 
the tape. 
6.5 Illumination—A light source is helpful in 
determining whether the cuts have been made 
through the film to the substrate. 
7. Test Specimens 
7.1 When this test method is used in the field, the 
specimen is the coated structure or article on which 
the adhesion is to be evaluated. 
7.2 For laboratory use apply the materials to be 
tested to panels of the composition and surface 
conditions on which it is desired to determine the 
adhesion. 
NOTE 2—Applicable test panel description and surface 
preparation methods are given in Practice D609 and Practices 
D1730 and D2092. 
NOTE 3—Coatings should be applied in accordance with Practice 
D823, or as agreed upon between the purchaser and the seller. 




NOTE 4—If desired or specified, the coated test panels may be 
subjected to a preliminary exposure such as water immersion, salt 
spray, or high humidity before conducting the tape test. The 
conditions and time of exposure will be governed by ultimate 
coating use or shall be agreed upon between the purchaser and 
seller. 
8. Procedure 
8.1 Select an area free of blemishes and minor 
surface imperfections. The area chosen for testing 
shall be clean and dry. 
8.1.1 For specimens which have been immersed: 
After immersion, clean and wipe the surface with an 
appropriate solvent which will not harm the integrity 
of the coating. Then dry or prepare the surface, or 
both, as agreed upon between the purchaser and 
the seller. 
8.2 Make two cuts in the film each about 40 mm 
(1.5 in.) long that intersect near their middle with a 
smaller angle of between 30 and 45°. When making 
the incisions, use the straightedge and cut through 
the coating to the substrate in one steady motion. 
8.3 Inspect the incisions for reflection of light from 
the metal substrate to establish that the coating film 
has been penetrated. If the substrate has not been 
reached make another X in a different location. Do 
not attempt to deepen a previous cut as this may 
affect adhesion along the incision. 
8.4 At each day of testing, before initiation of 
testing, remove two complete laps of tape from the 
roll and discard. Remove an additional length at a 
steady (that is, not jerked) rate and cut a piece 
about 75 mm (3 in.) long. 
8.5 Place the center of the tape at the intersection 
of the cuts with the tape running in the same 
direction as the smaller angles. Smooth the tape 
into place by finger in the area of the incisions 
taking care not to entrap air under the tape. Rub 
firmly over the surface of the tape with the pressure 
application device until the color is uniform in 
appearance. This indicates good, uniform contact 
between the tape’s adhesive and the coating 
surface. 
8.6 Within 90 6 30 s of application, remove the tape 
by seizing the free end and pulling it off rapidly (not 
jerked) back upon itself at as close to an angle of 
180° as possible. 
8.7 Inspect the X-cut area for removal of coating 
from the substrate or previous coating and rate the 
adhesion in accordance with the following scale: 
5A No peeling or removal, 
4A Trace peeling or removal along incisions or at their intersection, 
3A Jagged removal along incisions up to 1.6 mm (1⁄16 in.) on either side, 
2A Jagged removal along most of incisions up to 3.2 mm (1⁄8 in.) on either 
side, 
1A Removal from most of the area of the X under the tape, and 
0A Removal beyond the area of the X. 
8.8 Repeat the test in two other locations on the 
test surface. For large structures make sufficient 
tests to ensure that the adhesion evaluation is 
representative of the whole surface. 
8.9 After making several cuts examine the cutting 
edge and, if necessary, remove any flat spots or 
wire-edge by abrading lightly on a fine oil stone 
before using again. Discard cutting tools that 
develop nicks or other defects that tear the film. 
9. Report 
9.1 Report the substrate employed, the type of 
coating and the method of cure, if known. 
9.2 Report the number of tests, their mean and 
range. 
9.3 Report the adhesion strength of the pressure-
sensitive tape determined in accordance with Test 
Method D3330/ D3330M, Test Method A, 
(equivalent to PSTC 101) and utilizing a 90 second 
dwell time on a standard steel panel. 
9.3.1 Where the adhesion strength of the tape has 
not been determined, report the specific product 
name of the tape used, the manufacturer and the 
lot number, if available. 
9.4 Report an estimate of the interface at which 
the coating failure occurred as indicated by 
visible peeling or removal of the coating. For 
example, between the first coat and substrate, 
between the first and second coats, etc. 
9.5 For field tests, report the type of coating 
(where known), the structure or article tested, the 




location and the environmental conditions at the 
time of testing. 
9.6 If the test is performed after immersion, 
report immersion conditions, time between 
immersion and testing, and method of sample 
preparation. 
10. Precision and Bias70 
10.1 In an interlaboratory study of this test 
method in which operators in six laboratories 
made one adhesion measurement on three 
panels each of three coatings covering a wide 
range of adhesion, the within-laboratories 
standard deviation was found to be 0.33 and the 
between-laboratories 0.44. Based on these 
standard deviations, the following criteria should 
be used for judging the acceptability of results at 
the 95 % confidence level: 
10.1.1 Repeatability—Provided adhesion is 
uniform over a large surface, results obtained by 
the same operator should be considered suspect 
if they differ by more than 1 rating unit for two 
measurements. 
10.1.2 Reproducibility—Two results, each the 
mean of triplicates, obtained by different 
operators should be considered suspect if they 
differ by more than 1.5 rating units. 
10.2 Bias cannot be established for these test 
methods. 
TEST METHOD B—CROSS-CUT TAPE TEST 
11. Apparatus and Materials 
11.1 Cutting Tool 71—Sharp razor blade, scalpel, 
knife or other cutting device having a cutting 
edge angle between 15 and 30° that will make 
either a single cut or several cuts at once. The 
                                               
70 Supporting data have been filed at ASTM International Headquarters and 
may be obtained by requesting Research Report RR:D01-1008. ContactASTM 
Customer Service at service@astm.org. 
71 Multiblade cutters are available from a few sources that specialize in testing 
equipment for the paint industry. 
cutting edge shall be in good condition, 
preferably new or newly sharpened. 
11.2 Cutting Guide—If cuts are made manually 
(as opposed to a mechanical apparatus) a steel 
or other hard metal straightedge or template to 
ensure straight cuts. 
11.3 Rule—Tempered steel rule graduated in 0.5 
mm for measuring individual cuts. 
11.4 Tape, as described in 6.3. 
11.5 Pressure Application Device, as described in 
6.4. 
11.6 Illumination, as described in 6.5. 
11.7 Magnifying Glass—An illuminated magnifier to 
be used while making individual cuts and 
examining the test area. 
4 
12. Test Specimens 
12.1 Test specimens shall be as described in 
Section 7. It should be noted, however, that multitip 
cutters72 provide good results only on test areas 
sufficiently plane that all cutting edges contact the 
substrate to the same degree. Check for flatness 




13.1 Where required or when agreed upon, subject 
the specimens to a preliminary test before 
conducting the tape test (see Note 4). After drying 
or testing the coating, conduct the tape test at room 
72 The sole source of supply of the multitip cutter for coated pipe surfaces known 
to the committee at this time is Paul N. Gardner Co., 316 NE First St., Pompano 
Beach, FL 33060. If you are aware of alternative suppliers, please provide this 
information to ASTM International Headquarters. Your comments will receive 
careful consideration at a meeting of the responsible technical committee,1 which you 
may attend. 




temperature as defined in Specification D3924, 
unless D3924 standard temperature is required or 
agreed. 
13.1.1 For specimens which have been immersed: 
After immersion, clean and wipe the surface with an 
appropriate solvent which will not harm the integrity 
of the coating. Then dry or prepare the surface, or 
both, as agreed upon between the purchaser and 
the seller. 
13.2 Select an area free of blemishes and minor 
surface imperfections, place on a firm base, and 
under the illuminated magnifier, make parallel cuts 
as follows: 
13.2.1 For coatings having a dry film thickness up 
to and including 50 µm (2 mils) space the cuts 1 
mm apart and make eleven cuts unless otherwise 
agreed upon. 
13.2.2 For coatings having a dry film thickness 
between 50 µm (2 mils) and 125 µm (5 mils), space 
the cuts 2 mm apart and make six cuts. For films 
thicker than 125 µm (5 mils), it is generally 
recommended to use Test Method A. Subject to 
agreement between the purchaser and the seller, 
Test Method B can be used for films thicker than 
125 µm (5 mils) if wider spaced cuts are 
employed.73 
13.2.3 Make all cuts about 20 mm (3⁄4 in.) long. Cut 
through the film to the substrate in one steady 
motion using just sufficient pressure on the cutting 
tool to have the cutting edge reach the substrate. 
When making successive single cuts with the aid of 
a guide, place the guide on the uncut area. 
13.3 After making the required cuts brush the film 
lightly with a soft brush or tissue to remove any 
detached flakes or ribbons of coatings. 
13.4 Examine the cutting edge and, if necessary, 
remove any flat spots or wire-edge by abrading 
lightly on a fine oil stone. Make the additional 
number of cuts at 90° to and centered on the 
original cuts. 
                                               
73 Test Method B has been used successfully by some people on coatings greater 
than 0.13 mm (5 mils) by spacing the cuts 5 mm apart. However, the precision values 
13.5 Brush the area as before and inspect the 
incisions for reflection of light from the substrate. If 
the metal has not been reached make another grid 
in a different location. 
13.6 At each day of testing, before initiation of 
testing, remove two complete laps of tape from the 
roll and discard. Remove an additional length at a 
steady (that is, not jerked) rate and cut a piece 
about 75 mm (3 in.) long. 
13.7 Place the center of the tape over the grid and 
in the area of the grid. Smooth the tape into place 
by finger in the area of the incisions taking care not 
to entrap air under the tape. Rub firmly over the 
surface of the tape with the pressure application 
device until the color is uniform in appearance. This 
indicates good, uniform contact between the tape’s 
adhesive and the coating surface. 
13.8 Within 90 6 30 s of application, remove the 
tape by seizing the free end and rapidly (not jerked) 
back upon itself at as close to an angle of 180° as 
possible. 
13.9 Inspect the grid area for removal of coating 
from the substrate or from a previous coating using 
the illuminated magnifier. Rate the adhesion in 
accordance with the following scale illustrated in 
Fig. 1: 
given in 15.1 do not apply as they are based on coatings less than 0.13 mm (5 mils) 
in thickness. 





5B The edges of the cuts are completely smooth; none of the squares of the 
lattice is detached. 
4B Small flakes of the coating are detached at intersections; less than 5 % of 
the area is affected. 
3B Small flakes of the coating are detached along edges and at intersections 
of cuts. The area affected is 5 to 15 % of the lattice. 
2B The coating has flaked along the edges and on parts of the squares. The 
area affected is 15 to 35 % of the lattice. 
1B The coating has flaked along the edges of cuts in large ribbons and whole 
squares have detached. The area affected is 35 to 65 % of the lattice. 
0B Flaking and detachment worse than Classification 1B. 
13.10 Repeat the test in two other locations on 
each test panel. 
14. Report 
14.1 Report the substrate employed, the type of 
coating and the method of cure, if known. 
14.2 Report the number of tests, their mean and 
range. 
14.3 Report the adhesion strength of the pressure-
sensitive tape determined in accordance with Test 
Method D3330/ 
FIG. 1 Classification of Adhesion Test Results for Test Method B 
D3330M, Test Method A (equivalent to PSTC 101) and utilizing a 90 
second dwell time on a standard steel panel. 
14.3.1 Where the adhesion strength of the tape has not been 
determined, report the specific product name of the tape used, the 
manufacturer and the lot number, if available. 
14.4 Report an estimate of the interface at which the coating failure 
occurred as indicated by visible peeling or removal of the coating. For 
example, between the first coat and substrate, between the first and 
second coats, etc. 
14.5 If the test is performed after immersion, report immersion 
conditions, time between immersion and testing, and method of sample 
preparation. 
15. Precision and Bias7 
15.1 On the basis of two interlaboratory tests of this test method in one 
of which operators in six laboratories made one adhesion 
measurement on three panels each of three coatings covering a wide 
range of adhesion and in the other operators in six laboratories made 
three measurements on two panels each of four different coatings 
applied over two other coatings, the pooled standard deviations for 
within- and betweenlaboratories were found to be 0.37 and 0.7. Based 
on these standard deviations, the following criteria should be used for 
judging the acceptability of results at the 95 % confidence level: 
        Appendix D: ASTM – D3359 – Standard Test 




15.1.1 Repeatability—Provided adhesion is uniform over a large 
surface, results obtained by the same operator should be considered 
suspect if they differ by more than one rating unit for two 
measurements. 
15.1.2 Reproducibility—Two results, each the mean 
of duplicates or triplicates, obtained by different 
operators should be considered suspect if they 
differ by more than two rating units. 
15.2 Bias cannot be established for these test 
methods. 
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15.3 The manufacturer of the tape used in the interlabora- 16. Keywords tory study (see RR:D01-1008) has 
advised this subcommittee 16.1 adhesion; crosscut adhesion test method; tape; tape that the properties of 
the tape used in that study have changed adhesion test method; X-cut adhesion test method 
since the study was performed and may not be 
relevant. Users of it should, therefore, check 
whether current material gives comparable results 





X1.1.1 Given the complexities of the adhesion 
process, can adhesion be measured? As Mittal (4) 
has pointed out, the answer is both yes and no. It is 
reasonable to state that at the present time no test 
exists that can precisely assess the actual physical 
strength of an adhesive bond. But it can also be 
said that it is possible to obtain an indication of 
relative adhesion performance. 
X1.1.2 Practical adhesion test methods are 
generally of two types: “implied” and “direct.” 
“Implied” tests include indentation or scribe 
techniques, rub testing, and wear testing. Criticism 
of these tests arises when they are used to quantify 
the strength of adhesive bonding. But this, in fact, is 
not their purpose. An “implied” test should be used 
to assess coating performance under actual service 
conditions. “Direct” measurements, on the other 
hand, are intended expressly to measure adhesion. 
Meaningful tests of this type are highly sought after, 
primarily because the results are expressed by a 
single discrete quantity, the force required to 
rupture the coating/substrate bond under 
prescribed conditions. Direct tests include the 
Hesiometer and the Adherometer (5). Common 
methods which approach the direct tests are peel, 
lapshear, and tensile tests. 
X1.2 Test Methods 
X1.2.1 In practice, numerous types of tests have 
been used to attempt to evaluate adhesion by 
inducing bond rupture by different modes. Criteria 
deemed essential for a test to warrant large-scale 
acceptance are: use of a straightforward and 
unambiguous procedure; relevance to its intended 
application; repeatability and reproducibility; and 
quantifiability, including a meaningful rating scale 
for assessing performance. 
X1.2.2 Test methods used for coatings on metals 
are: peel adhesion or “tape testing;” Gardner 
impact flexibility testing; and adhesive joint testing 
including shear (lap joint) and direct tensile (butt 
joint) testing. These tests do not strictly meet all the 
criteria listed, but an appealing aspect of these 
tests is that in most cases the 
equipment/instrumentation is readily available or 
can be obtained at reasonable cost. 
X1.2.3 A wide diversity of tests methods have been 
developed over the years that measure aspects of 
adhesion (4-8). There generally is difficulty, 
however, in relating these tests to basic adhesion 
phenomena. 
X1.3 The Tape Test 
X1.3.1 By far the most prevalent test for evaluating 
coating “adhesion” is the tape-and-peel test, which 
has been used since the 1930’s. In its simplest 
version a piece of adhesive tape is pressed against 
the paint film and the resistance to and degree of 
film removal observed when the tape is pulled off. 
Since an intact film with appreciable adhesion is 
frequently not removed at all, the severity of the 
test is usually enhanced by cutting into the film a 
figure X or a cross hatched pattern, before applying 
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and removing the tape. Adhesion is then rated by 
comparing film removed against an established 
rating scale. If an intact film is peeled cleanly by the 
tape, or if it debonds just by cutting into it without 
applying tape, then the adhesion is rated simply as 
poor or very poor, a more precise evaluation of 
such films not being within the capability of this test. 
X1.3.2 The current widely-used version was first 
published in 1974; two test methods are covered in 
this standard. Both test methods are used to 
establish whether the adhesion of a coating to a 
substrate is at an adequate level; however they do 
not distinguish between higher levels of adhesion 
for which more sophisticated methods of 
measurement are required. Major limitations of the 
tape test are its low sensitivity, applicability only to 
coatings of relatively low bond strengths, and non-
determination of adhesion to the substrate where 
failure occurs within a single coat, as when testing 
primers alone, or within or between coats in 
multicoat systems. For multicoat systems where 
adhesion failure may occur between or within 
coats, the adhesion of the coating system to the 
substrate is not determined. 
X1.3.3 Repeatability within one rating unit is 
generally observed for coatings on metals for both 
methods, with reproducibility of one to two units. 
The tape test enjoys widespread popularity and is 
viewed as “simple” as well as low in cost. Applied to 
metals, it is economical to perform, lends itself to 
job site application, and most importantly, after 
decades of use, people feel comfortable with it. 
X1.3.4 When a flexible adhesive tape is applied to 
a coated rigid substrate surface and then removed, 
the removal process has been described in terms 
of the “peel phenomenon,” as illustrated in Fig. 
X1.1. 
X1.3.5 Peeling begins at the “toothed” leading edge 
(at the right) and proceeds along the coating 
adhesive/interface or the 
 
FIG. X1.1 Peel Profile (6) 
coating/substrate interface, depending on the 
relative bond strengths. It is assumed that coating 
removal occurs when the tensile force generated 
along the latter interface, which is a function of the 
rheological properties of the backing and adhesive 
layer materials, is greater than the bond strength at 
the coating-substrate interface (or cohesive 
strength of the coating). In actuality, however, this 
force is distributed over a discrete distance (O-A) in 
Fig. X1.1, which relates directly to the properties 
described, not concentrated at a point (O) in Fig. 
X1.1 as in the theoretical case—though the tensile 
force is greatest at the origin for both. A significant 
compressive force arises from the response of the 
tape backing material to being stretched. Thus both 
tensile and compressive forces are involved in 
adhesion tape testing. 
X1.3.6 Close scrutiny of the tape test with respect 
to the nature of the tape employed and certain 
aspects of the procedure itself reveal several 
factors, each or any combination of which can 
dramatically affect the results of the test as 
discussed (9). 
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X1.4 Peel Adhesion Testing on 
Plastic Substrates 
X1.4.1 Tape tests have been criticized when used 
for substrates other than metal, such as plastics. 
The central issues are that the test on plastics lacks 
reproducibility and does not relate to the intended 
application. Both concerns are well founded: poor 
precision is a direct result of several factors intrinsic 
to the materials employed and the procedure itself. 
More importantly, in this instance the test is being 
applied beyond its intended scope. These test 
methods were designed for relatively ductile 
coatings applied to metal substrates, not for 
coatings (often brittle) applied to plastic parts (1). 
The unique functional requirements of coatings on 
plastic substrates cause the usual tape tests to be 
unsatisfactory for measuring adhesion performance 
in practice. 
X1.5 The Tape Controversy 
X1.5.1 With the withdrawal from commerce of the 
tape specified originally, 3M No. 710, current test 
methods no longer identify a specific tape. 
Differences in tapes used can lead to different 
results as small changes in backing stiffness and 
adhesive rheology cause large changes in the 
tension area. Some commercial tapes are 
manufactured to meet minimum standards. A given 
lot may surpass these standards and thus be 
suitable for general market distribution; however, 
such a lot may be a source of serious and 
unexpected error in assessing adhesion. One 
commercially available tape test kit had included a 
tape with adhesion strength variations of up to 50 
% claimed by the manufacturer. Also, because 
tapes change on storage, bond strengths of the 
tape may change over time (1, 2). 
X1.5.2 The specific choice for the range of 
recommended adhesive peel strengths for 
appropriate tapes of 6.34 N/cm (58 oz/in.) to 7.00 
N/cm (64 oz/in.) was not chosen arbitrarily. Recent 
versions of this standard had recommended the 
use of a specific tape: Permacel P-99 tape. This 
tape was very popular and was commonly used in 
accordance with Test Method D3359 for many 
years. However, this tape was discontinued by the 
manufacturer. While the tape was still available and 
within its recommended shelf life, samples were 
sent to an independent laboratory for testing. The 
results of the testing showed that the Permacel 
product had an average adhesive peel strength on 
steel of 6.67 N/cm (61 oz/in.) when tested in 
accordance with Test Method D3330/D3330M, Test 
Method A (equivalent to PSTC 101) and utilizing a 
90 second dwell time. In order to maintain a 
continuous testing program for current users of the 
standard, the range above was set to be in line with 
the discontinued Permacel product. At the time of 
this revision to the standard, several tapes were 
reported to be advertised as Permacel P-99 
replacements and suitable for use with Test Method 
D3359. To locate these sources, perform a relevant 
internet search or contact your coatings testing 
supplier to ask for their recommendations of 
compliant tape. 
X1.6 Procedural Problems 
X1.6.1 Visual Assessment: The final step in the test is 
visual assessment of the coating removed from the 
specimen, which is subjective in nature, so that the 
coatings can vary among individuals evaluating the 
same specimen (3). 
X1.6.1.1 Performance in the tape test is based on 
the amount of coating removed compared to a 
descriptive scale. The exposure of the substrate 
can be due to factors other than coating adhesion, 
including that arising from the requirement that the 
coating be cut (hence the synonym“ cross-hatch 
adhesion test”). Justification for the cutting step is 
reasonable as cutting provides a free edge from 
which peeling can begin without having to 
overcome the cohesive strength of the coating 
layer. 
X1.6.1.2 Cutting might be suitable for coatings 
applied to metal substrates, but for coatings applied 
to plastics or wood, the process can lead to a 
misleading indication of poor adhesion due to the 
unique interfacial zone. For coatings on soft 
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substrates, issues include how deep should this cut 
penetrate, and is it possible to cut only to the 
interface? 
X1.6.1.3 In general, if adhesion test panels are 
examined microscopically, it is often clearly evident 
that the coating removal results from substrate 
failure at or below the interface, and not from the 
adhesive failure between the coating and the 
substrate. Cohesive failure within the coating film is 
also frequently observed. However, with the tape 
test, failures within the substrate or coating layers 
are rare because the tape adhesive is not usually 
strong enough to exceed the cohesive strengths of 
normal substrates and organic coatings. Although 
some rather brittle coatings may exhibit cohesive 
failure, the tape test adhesion method does not 
make provision for giving failure locality (1, 2). 
X1.6.2 Use of the test method in the field can lead 
to variation in test results due to temperature and 
humidity changes and their effect upon tape, 
coating and substrate. 
X1.6.3 Test Method B has been used successfully, 
without affecting adhesion test results, by some coil 
coating users on coatings up to and including 50 
µm (2 mils) by spacing the cuts 2 mm apart. While 
this may be an agreement between purchaser and 
seller, the precision values given in 15.1 do no 
apply, as they are based on cuts 1 mm apart. 
X1.6.4 Some have found that the use of a suitable 
mechanical device is helpful in minimizing some of 
the variables in placing the tape onto the coatings 
(see 8.5 and 13.7) and removing the tape from the 
coatings (see 8.6 and 13.8) which maintains 
consistent pressure on the tape during application 
and ensures a 180° pull off.11 
X1.7 Conclusion 
X1.7.1 All the issues aside, if these test methods 
are used within the Scope Section and are 
performed carefully, some insight into the 
approximate, relative level of adhesion can be 
gained. 
 
11 The sole source of supply of a suitable mechanical device for laying 
down and removal of tape known to the committee at this time is ReliaPull, 
a registered trademark of Random Logic LLC, manufactured by Random 
Logic LLC, 
Cincinnati, OH 45245. If you are aware of alternative suppliers, please 
provide this information to ASTM International Headquarters. Your 
comments will receive careful consideration at a meeting of the responsible 
technical committee,1 which you may attend. 
(1) Nelson, G. L., Gray, K. N., and Buckley, S. E., Modern Paint and 
Coatings, Vol 75, No. 10, 1985, pp. 160–172. 
(2) Nelson, G. L., and Gray, K. N., “Coating Adhesion to Plastics,” 
Proceedings, Waterborne and Higher Solids Coatings Symposium, 
Vol 13, New Orleans, LA, February 5–7, 1986, pp. 114–131. 
(3) Mittal,K. L., ed.,“Symposium on Adhesion Aspects of Polymeric 
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(1) Note 1 of the scope was revised to suggest 
Method A or Method B for coatings on soft non-
metallic substrates. It was subsequently deleted as 
a Note and moved into Section 5 via Revision (10) 
below. 
(2) A reference to PSTC 101 was added to 
Section 2.2 in Referenced Documents. 
(3) Footnote 5 was added to identify the source 
of PSTC 101. 
(4) Section 3 on Terminology was added in its 
entirety. 
(5) Section 6.3 regarding the recommended 
tape for use with this standard was revised to 
suggest a range of acceptable peel adhesion 
strengths for these tapes. This choice was made 1) 
to provide more guidance to current users of the 
standard and 2) to eliminate references to specific 
tapes that my or may not be available in the future. 
(6) Footnote 6 in Section 6.3 was removed. 
(7) All units were rearranged to list the SI value 
first. 
(8) Section X1.5.2 was added to Appendix X1.5. 
This section was added to aid users in selecting a 
viable tape. 
(9) Changed the title to reflect that the test 
method results in a rating of a coating, not a true 
measurement. 
(10) Overhauled the scope. Moved Note 1 of the 
scope to Section 5 and moved Note 2 to Section 4. 
Deleted Note 3 altogether. 
(11) Revised 3.1.9 to describe “Pressure 
Sensitive Tape” rather than the term “Pressure 
Sensitive.” 
(12) The descriptions of the test methods in 
Section 4 were revised to utilize parallel language. 
(13) Section 5 was revised for clarity. 
(14) Renumbered Sections as needed. 
(15) Footnote 6 was deleted and its text was 
moved to a new 
15.3. 
(16) Sections 6.4 and 11.5 were revised to more 
clearly describe what is required. 
(17) Revised Sections 8.5 and 13.7 to update the 
use of the pressure application device. 
(18) Modified the reporting recommendations in 
Section 9 and Section 14. 
(19) Section X1.5.2 was deleted from the 
appendix and its content was moved into Section 
5.4. 
(20) Section X1.6.1 was deleted from the 
appendix and its content was moved into Section 
5.5. 
(21) Section X1.6.2 was deleted from the 
appendix and its content was moved into Section 
5.6. 
(22) Section X1.5.2 (newly numbered) was edited 
to remove the reference to specific test tape 
suppliers per ASTM guideline
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